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INTRODUCTION.  This  report  has  been  .assembled  as  an  aid  tor  t  lioso 
who  are  interested  in  helicopter/heliport  research,  c-nqinoei  inq, 
and  development .*i  This  includes  those  within  the  Federal  Aviation 
Administration  pr AA) ,  those  in  industry,  and  those  in  state  and 
local  qover nm^nts. 


SCOPE.  ^In  selectinq  documents  to  be  included  in  this  report,  two 
limitations^  -been  observed.  First,  the  documents  are 
specifically  related,  in  whole  or  in  part,  to  helicopter 
operations.  Second,  they  are  limited  to  documents  in  which  the 
research,  enqineerinq,  and  development  elements  (i.e.,  the  ADL 
Complex)  of  the  FAA  have  been  involved  as  sponsors,  participants,  or 

authors.  £/ife>/,7>v_s  :ic  <>  -  A  .  />  u  U  <  r 

.ir  f  \  co  vi  &  cl  , 

AVAI LABILITY  OF  DOCUMENTS.  The  documents  listed  in  the  report  are 
readily  available  from  three  sources: 


a.  National  Technical  Information  Service  (NTIS) .  Many  of 
the  documents  listed  in  this  report  are  available  thru  NTIS. 

These  documents  can  be  identified  via  the  statement  in  block 
18  of  the  technical  report  documentation  paqe  (Form  DOT  F 
1700.7)  qiven  in  Appendix  E.  For  those  reports  available  from 
NTIS,  the  accession  number  is  qiven  in  block  2  of  the  technical 
report  documentation  paqe.  In  order inq  a  document  from  NTIS.  the 
accession  number  should  be  used.  The  cost  is  dependent  on 

the  number  of  paqes  in  the  document  (see  table  1) . 

b.  American  Helicopter  Society  (AHS) .  Copies  of  virtually 
all  of  the  documents  listed  in  this  report  have  been  qiven  to 
AHS.  Both  AHS  members  and  nonmembers  may  obtain  copies  of 
reports  for  a  small  fee. 

c.  Helicopter  Association  International  (HAI).  Copies  of 
virtually  all  of  the  documents  listed  in  this  report  have 
been  given  to  HAI.  HAI  members  may  obtain  copies  of  reports 
for  a  small  fee. 

4.  ORDER  OF  THE  LISTING.  In  the  biblioqraphic  list inq,  documents  are 
listed  in  order  of  the  year  in  which  they  were  published,  within 
tne  year  of  publication,  documents  are  listed  sequentially 
accordinq  to  report  number.  Some  documents  do  not  include  the 
year  of  publication  as  part  of  report  number.  Such  a  document  is 
Listed  after  other  documents  published  in  the  same  year.  (e.q., 
NAE-AN-26,  published  in  1985,  is  listed  after  the  other  reports 
published  in  1985.) 
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FAA/PM-84/31  Very  Short  Kanqe  Statistical  Forecasting  of  Automated 

Weather  Observations  (Robert  G.  Miller) 

FAA/CT-TN84/34  Helicopter  IFR  Liqhtinq  and  Markinq  Preliminary  Test 
Results  (Paul  H.  Jones) 

FAA/CT-TN84/40  Heliport  MLS  Siting  Evaluation  (Scott  B.  Shol lenberqer ) 

FAA/CT-TN84/47  Global  Positioning  System  Performance  Durinq  FAA 

Helicopter  Tests  on  Rotor  Effects  (Jerome  T.  Connor, 
George  Paolacci) 

PM-85-2-LR  Heliport  Desiqn  Guide,  Workshop  Report 

Volume  i:  Executive  Summary 

PM-65-3-LR  Vo1,  u  i  lie  2:  Appendixes 

PM-85-4-LR  Volume  (:  Viewqraphs 
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FAA/CT-TN8 V 5  Gulf  of  Mexico  Helicopter  Loran  C  Stability  Study 
( Honeann  M.  Weiss) 

FAA/PM-85/6  Helicopter  User  Survey:  TCAS  (Frank  K.  Taylor) 

FAA/PM-85/7  MLS  for  Heliport  Operators,  Owners,  and  Users 

(Kristen  J.  Venezia,  Edwin  D.  McConkey) 

FAA/PM-85/8  VHF-AM  Communications  Equipment,  Selection  and 

Installation  Practices  for  Helicopters 
(Eric  H.  Bolz,  Larry  D.  Kinq) 

FAA/CT-85/11  Analysis  of  Rotorcraft  Crash  Dynamics  for  Development 

of  Improved  Crashworthiness  Desiqn  Criteria 
(Joseph  W.  Coltman,  Akif  0.  Bolukbasi,  David  H.  Laananen) 

FAA/CT-TN85/15  Course  Width  Determination  for  Collocated  MLS  at  Heliports 
(James  H.  Enias) 

FAA/CT-TN85/17  Nonprecision  Approaches  in  the  Northeast  Corridor  Usinq 
Second  Generation  Loran  Receivers  (Barry  Billmann, 

John  G.  Morrow.  Christopher  Wolf) 

FAA/CT-TN85/23  Test  Plan  for  Sitinq,  Installation,  and  Operational 
Suitability  of  the  AWOS  at  Heliports  (Rene  A.  Matos) 

FAA/CT-TN85/24  Helicopter  Terminal  Instrument  Approach  Procedures 
( VOR/ILS )  (Christopher  Wolf) 

FAA/CT-85/26  Summary  of  Artificial  and  Natural  Icing  Tests  Conducted  on 

U.S.  Army  Aircraft  from  1974  to  1985  (Harry  W.  Chambers, 
John  Y.  Adams) 

FAA/PM-85/30  Pilot  Evaluation  of  TCAS  in  the  Lonq  Ranger  Helicopter 

(John  W.  Andrews) 

FAA/CT-TN85/49  Test  Plan  for  Rotorcraft  Traffic  Alert  and  Collision 
Avoidance  System  (TCAS)  (Albert  J.  Rehmann) 

FAA/CT-TN85/53  Validation  of  MLS  Sitinq  Criteria  for  MLS  Steep  Anqle 
Approaches  to  a  Heliport  (Scott  Shollenberqer ) 

FAA/CT-TN85/55  Pilot  Inflight  Evaluation  of  MLS  Procedures  at  Heliports 
(James  H.  Enias) 

FAA/cr-TN85/58  Technical  Support  of  the  Wall  Street/Battery  Park  City 

Heliport  MLS  Proiect  (Barry  R.  Billmann,  Michael  M.  Webb, 
James  H.  Enias) 

FAA/CT-TN85/60  Rotorcraft  TCAS  Evaluation,  Group  1  Results 
(Albert  ,1 .  Rehmann) 

FAA/CT-TN85/83  Computed  Centerline  MLS  Approach  Demonstration  at 
Washington  National  Airport  (James  H.  Remer) 


FAA/CT-TN85/ 64  heliport  MLs  Critical  Area  Flight  Tests  (Robert  S.  Jeter) 

FAA/C1-TN8 5/83  Rotorcratt  TCAS  (Evaluation  Bench  Test  Report 

(Arthur  W.  Cushman,  Albert  J.  Kehmann,  John  Warren) 

A  Preliminary  Investigation  of  Handling  (Qualities 
Requirements  for  Helicopter  Instrument  Fliqht  Our  mg 
Decelerating  Approach  Manoeuvres  and  Overshoot 
(Stan  Kereliuk,  J.  Murray  Morqan)  February  1985 

FAA/PM-86/10  Very  Short  Range  Statistical  Forecasting  of 

Automated  Weather  Observations  (Robert  G.  Miller) 

FAA/CT-TN86/14  Heliport  MLS  Fliqht  Inspection  Project 

(Scott  Shollenberqer ,  Barry  R.  Billmann) 

FAA/PM-86/14  Technical  Requirements  for  Benchmark  Simula tor -Based 

NASA  CR-177 407  Terminal  Instrument  Procedures  (TERPS)  Evaluation 
(Anil  V.  Phatak.  John  A.  Sorensen) 

FAA/FM-86/15  Evaluation  of  the  Usefulness  of  Various  Simulation 

NASA  CR-177408  Technology  Options  for  Terminal  Instrument  Procedures 

(TERPS)  Enhancements  (Anil  V.  Phatak,  John  A.  Sorensen) 


NAE -AN-26 
NRC  No.  24173 


FAA/CT-TN86/17  LORAN  Offshore  Flight  Following  Project  Plan 
(Jean  Evans.  Frank  Lorqe) 

FAA/CT-TN86/22  Heliport  Electroluminescent  (E-L)  Lighting  System, 
Preliminary  Evaluation  (Paul  H.  Jones) 


r 

% 


i 


FAA/PM-86/25 


FAA/PM-86/28 


FAA/PM-86/30 

FAA/CT-86-9 


Aircraft  Avionics  Suitable  for  Advanced  Approach 
Applications  (Stanley  Kowalski,  Thomas  H.  Croswell) 

Volume  I:  Aircraft  Fleet  Equipaqe 

Investigation  of  Hazards  of  Helicopter  Operations  and  Root 
Cases  of  Helicopter  Accidents  (Franklin  R.  Taylor, 

Rich  J.  Adams) 

The  sitinq.  Installation,  and  Operational  Suitability  of 
tne  Automated  Weather  Observing  System  (AWOS)  at  Heliports 
(Rene-  A.  Matos,  John  R.  Sackett,  Philip  Shuster, 

Rosanne  M.  Weiss) 


FAA/CT-TN86/31 


Evaluation  of  Sikorsky  S-76A,  24  Missed  Approach  Profiles 
Following  Precision  MLS  Approaches  to  a  Helipad  at  40  KIAS 
(Michael  M.  Webb) 


•*24* 

.‘ly 

i*jy 


FAA/PM-86/45 


Aeronautical  Decision  Making  for  Helicopter  Pilots 
(Richard  J.  Adams,  Jack  L.  Thompson) 


FAA/AVN- 200/ 25 


Helicopter  Microwave  Landing  System  (MLS)  Flight  Test 
(Charles  Hale,  Paul  Maenza)  June  1986 


APPENDIX  b:  SUBJECT  INDEX 


ACCIDENTS 


FAA/CT-83/40  FAA/CT-85/1L 

ADVANCING  BLADE  CONCEPT  HELICOPTER 


FAA-RD- 78- 150 
AIR  TRAFFIC  CONTROL 


RD-64-4 
FAA-RD-73-47 
FAA-RD -7 9- 12 3 
FAA-RD- 8 0-8 5 
FAA-RD -8 0-88 
FAA/ CT-TN  86/17 


RD-64-55 
FAA-RD- 78-101 
FAA-RD-80- 59 
FAA-RD-80-86 
FAA-RD-81-55 


AIRBORNE  RADAR  APPROACHES 


FAA-RD -7 8- 101 
FAA-RD- 80- 18 
FAA-RD- 8 0-60 
FAA/RD-82/6 


FAA-RD- 7 8- 150 
FAA-RD-80-22 
FAA-RD- 8 0-8 5 
FAA/RD-82/ 40 


NA- 68-21 
FAA-RD- 7 8- 150 
FAA-RD -8 0-80 
FAA-RD- 8 0-8 7 
FAA-RD- 81-59 


FAA-RD-79-99 
FAA-RD-80-59 
FAA-RD -80- 88 , II 


AIRWORTHINESS 

FAA-RD-78-157  FAA/CT-85/26 


AREA  NAVIGATION  ( RNAV)  (See  diSO  GPS,  LORAN-C,  and  MLS  RNAV) 


FAA-RD -71- 96 
FAA-RD- 8 0-17 
FAA-RD -8 0-8 5 
FAA/RD-82/6 
FAA/PM-86/25, 1 


FAA-RD -76- 14 6 
FAA-RD-80-64 
FAA-CT- 80- 17  5 
FAA/RD-82/7 


FAA-RD -7 8- 150 
FAA-RD- 80-80 
FAA-RD-81-59 
FAA/CT-82/57 


AUTOMATED  WEATHER  OBSERVING  SYSTEM  ( AWOS ) 

FAA/RD-81/40  FAA/CT-TN/85/23  FAA/PM-86/30 


AVIONICS  EQU IP PAGE 


FAA/PM-86/25, I 
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AMOS  GEM 


FAA/PM-84/3 1  FAA/PM-86/10 

AUTOMATIC  DEPENDENT  SURVEILLANCE  (See  LOFF) 

AUTOMATIC  DIRECTION  FINDER  (See  Nondirectional  Beacon) 
AUTOROTATION 

NA-67-1  FAA/PM-86/28 

AVIONICS,  AIRBORNE  RADAR  APPROACHES 

FAA-RD- 79-99  FAA-RD-80-18  FAA-RD-80-22 

FAA-RD-80-60 

AVIONICS,  COMMUNICATIONS 
FAA/PM-8  5/8 

AVIONICS,  GPS  (See  also  GPS) 

FAA/RD-82/8  FAA/RD- 82/9  FAA/RD-82/63 

FAA/RD-82/71  FAA/CT-82/103  FAA/CT-TN83/03 

FAA/CT-TN83/50  FAA/CT-84/47 

AVIONICS.  LORAN-C  (See  also  LOR AN -c  and  LOFF) 

FAA-RD-70-10  FAA-RD-80-88  FAA-CT-80-175 

FAA-RD- 8 1-2 7  FAA/RD-82/7  FAA/RD-82/16 

FAA/RD-82/78  FAA/CT-TN85/17 

AVIONICS.  MLS 

FAA/RD-82/40  FAA/CT-TN 85/63 

AVIONICS.  TCAS  (See  TCAS) 

CHARTING 

FAA-RD -7 8- 150 

COLLISION  AVOIDANCE  SYSTEM  (See  also  TCAS) 

FAA-RD-80-88, I  FAA-RD- 8 1-5 9 

COST/BENEFITS 

FAA/RD-82/40  FAA/RD-82/6  FAA/PM-84/22 


CRASHWORTHINESS 


FAA-RD-78-101  FAA/CT- 85/ 1 1 

DECELERATING  APPROACHES  (See  Low  Speed  Approaches  and  MLS) 
DEPENDENT  SURVEILLANCE  (See  also  LOFF) 

FAA-RD-80-85 


DISTANCE  MEASURING  EQUIPMECrT  (DME) 


FAA-RD-7 1-96 
FAA/RD-82/6 
FAA/PM-86/ 14 

DOPPLER  NAVIGATION 

FAA-RD-7 6- 14 6 

FLIGHT  CONTROLS 

FAA-RD-7 8- 15 7 
FAA/PM-86/ 14 

flight  directors 

FAA-RD  -78-157 
FLIGHT  DISPLAYS 

FAA-RD -78 -15 7 
FLIGHT  INSPECTION 
FAA/CT-86/L4 


FAA-RD- 7 6-14 6 
FAA/RD-82/6 3 
FAA/PM-86/ 15 


FAA-RD- 7 9- 6 4 
FAA/PM-86/ 15. 


FAA-RD- 8 1-7-LR 


FAA/PM-85/30 


FAA/PM-85/7 


FAA-RD-80-17 
FAA/RD-82/78 
FAA/PM-86/25. I 


FAA-RD- 8 0-6 4 
NAE-AN-26  (1985) 


FAA/PM-86/25, I 


GENERALIZED  EQUIVALENT  MARKOV  (GEM)  (see  Weather  Forecasts, 

and  AWOS  GEM) 


GLOBAL  POSITIONING  SYSTEM  (GPS) 


FAA-RD -7 6- 14 6 

FAA-RD-80-85 

FAA/RD-82/9 

FAA/RD-82/103 

FAA/CT-TN84/47 


FAA-RD-78-101 
FAA/RD-82/6 
FAA/RD-82/63 
FAA/ CT-TN  83/03 
FAA/PM-86/ 14 


FAA-RD- 78- 150 
FAA/RD-82/8 
FAA/RD- 82/71 
FAA/CT-TN83/50 
FAA/PM-86/ 15 


GULF  OF  MEXICO  (See  also  LOFF  and  Offshore  Operations) 


FAA-RD-80-47 

FAA-RD-80-88 

FAA/RD-82/7 


FAA-RD-80-85 
FAA/RD-81/40 
FAA/CT- TN 8 5/ 5 


FAA-RD-80 • 87 
FAA-RD-81-59 


L3 


HANDLING  QUALITIES 


FAA-RD  78-157  FAA-RD- 79- 59 

FAA-RD-80-58  FAA-RD-80-64 

NA£- AN-26  (1985) 


FAA-RD  79-64 
FAA/CT- 8 3/6 


HEIGHT-VELOCITY  DIAGRAM 

NA- 67-1  FAA-RD  80-88, II 


FAA/PM-86/28 


HELICOPTER  NOISE  (See  Noise) 


HELIPORT  DESIGN  (See  also  Heliport  Lightinq,  MLS  Sitinq,  and  AWOS) 


FAA-RD- 7 8- 101 
FAA/CT- 82/120 
FAA/PM-84/25 
PM- 8  5-3- LR 


FAA-RD-8 0-107 
FAA/PM-84/22 
FAA/C1'-TN84/31 
PM-85-4-LR 


FAA-RD-8 1-3 5 
FAA/PM-84/23 
PM-85-2-LK 
FAA/PM-85/7 


HELIPORT  LIGHTING/MARKING 

NA-69-2  FAA-RD  -71-105  FAA-RD -7 2- 133 

FAA-RD- 7 8- 101  NA-80-34-LR  FAA-RD-80-59 

FAA/CT- 8 2/ 120  FAA/CT-TN84/34  FAA/CT-TN86/22 

HELICOPTER  OPERATIONS  STATISTICS 

FAA/CT- 83/40  FAA/PM-85/6  FAA/CT-85/11 

FAA/PM-86/28 

HELICOPTER  PERFORMANCE 

FAA-RD-8 0-10 7  FAA/RD-81/35 


HELIPORT  PLANNING 

FAA-RD -8 0-10  7  FAA/RD-81/35  FAA/PM-84/22 

FAA/PM-84/25 

HELIPORT  SNOW  AND  ICE  CONTROL 
FAA/PM-84/22 

HIGH  FREQUENCY  COMMUNICATION 
FAA-RD -7 8- 150 
HOLDING  PATTERNS 

FAA-RD-78- 150  FAA-RD-80-59  FAA-RD-80-80 

FAA-RD-80-86  FAA-RD-8 0-88 
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HUMAN  FACTORS  (See  also  Fliqht  Controls*  Fliqht  Displays,  and  TCAS) 

FAA-RD-81-59  FAA/CT-83/6  FAA/CT-83/40 

FAA/PM-86/28  FAA/PM-86/45 

ICING  (See  also  Weather) 

FAA-KD-78-101  FAA-RD-80-24  FAA-CT-80-210 

FAA/CT-81/35  FAA/CT-83/7  FAA/CT-83/21 

FAA/CT-83/22  FAA/PM-84/22  FAA/CT- 85/ 26 

INERTIAL  NAVIGATION  SYSTEM 

FAA-KO-76-146  FAA-RD-80-85  FAA/RD-82/7 

FAA/RD-82/24 

INSTRUMENT  LANDING  SYSTEM  (ILS) 

FAA/RD-82/6  FAA/CT-TN8  5/24  FAA/PM-86/14 

FAA/PM-86/15  FAA/PM-86/25, I 

LIGHTING  (See  Heliport  Liqhtinq) 

LORAN-C  (See  also  LOFF) 

FAA-RD-70-10 
FAA-RD-78-101 
FAA-RD  80-47 
FAA-RD-80-88 
FAA-RD-bl-59 
FAA/RD-82/16 
FAA/RD-82/78 
FAA/CT-TN8  5/ 5 
FAA/PM-86/15 

LORAN-C  VERTICAL  NAVIGATION  (VNAV) 

FAA/RD-82/16 

LORAN  FLIGHT  FOLLOWING  (LOFF) 

FAA-RD-80-85  FAA-RD  -80-87  FAA-RD-80-88 

FAA-KD-8 1-55  FAA-RD-81-59  FAA/CT-TN86/17 

LOW -ALTITUDE  COMMUNICATIONS  (See  also  Northeast  Corridor) 

FAA-RD- 7 8-101 
FAA-RD-80-20 
FAA-RD- 8 1-9 
PM-85-2  LR 


FAA-RD- 7 8- 150  FAA-RD-79-123 

FAA-RD-80-80  FAA-RD-  80-87 

FAA/RD-81/40  FAA-RD-81-59 

FAA/PM-85/8 


FAA-RD -7 6- 14 6 
FAA-RD- 7 8- 150 
FAA-RD-80-85 
FAA-CT-8 0-175 
FAA/RD-82/6 
FAA/RD-82/24 
FAA/FM-83/ 4 
FAA/CT-TN85/17 


NA-78-55-LR 

FAA-RD-80-20 

FAA-RD-80-87 

FAA-RD-81-27 

FAA/RD-82/7 

FAA/RD-82/57 

FAA/PM-83/32 

FAA/PM-86/14 


LOW- ALT l  WOK  NAV l  GAT I ON  (See  j  Iso  LDRAN-C,  Northp.cu  Col  i  (dm  , 

and  OPS) 

FAA-RD- / I -90  FAA-RD- 76- 146 

FAA-RD- 7 8-  IUL  FAA-RD-78-180 

FAA-RD -  80  20  FAA-RD- 80-80 

FAA-RD-81-59  FAA/PM-83/32 

LOW -ALTITUDE  SURVEILLANCE  (See  a  Lso  LOFF) 

FAA-RD- 7  8- 150  FAA-RD-80-20  FAA-KD-80-80 

FAA-RD-80- 87  FAA-RD-81-59 

LOW  SPEED  APPROACHES 

NA-68-21  FAA-RD -80-58  NAE- AN-26  (1985) 

FAA/PM-86/14  FAA/PM-86/15  FAA/CT-TN86./31 

NAE- AN-26  (1985) 

MLS  FLIGHT  INSPECTION  (See  Fliqht  Inspection) 

MICROWAVE  LANDING  SYSTEM  (MLS),  GENERAL  (See  also  DME) 

FAA-RD -78- 101  FAA/RD-82/6  FAA/RD-82/40 

FAA/CT-TN84/16  FAA/CT-TN84/20  FAA/CT-TN84/40 

FAA/PM-85/7  FAA/CT-TN85/15  FAA/CT-TN85/53 

FAA/CT-TN85/  55  FAA/CT-TN85/58  FAA/CT-TN85/63 

FAA/CT-TN85/64  FAA/CT-86/14  FAA/PM-86/14 

FAA/PM-86/15  FAA/AVN-200/25  (1986) 

MLS  RNAV 

FAA-RD-80- 59  FAA/RD-82/40  FAA/PM-85/7 

FAA/CT-TN85/63  FAA/PM-86/25.  I 

MLS  SITING 

FAA/CT-TN84/40  FAA/CT-TN85/53  FAA/CT-85/58 

FAA/CT-TN85/64 

MLS  TERPS  (See  also  TERPS) 

FAA-RD-80- 59  FAA-RD- 81-167  FAA/CT-TN84/16 

FAA/CT-TN84/20  FAA/CT-TN  85/53  FAA/CT-TN85/55 

FAA/CT-TN86/ 31  FAA/AVN- 200- 2 5  (1986) 

MILITARY  TRAINING  ROUTES 

KAA-RD-80-88, I 

NAVIGATION  SATELLITE  TIMING  AND  RANGING  (NAVSTAR)  (see  GPS) 
NEAR  MID-AIR  COLLISIONS  (See  also  TCAS) 

F  AA-RD -8  0- 86,1  FAA/CT-83/40  FAA/PM-85/6 


J  6 


NA-78-Vj  I.k 
PAA-CT-80 -  1 8 
FAA-RD -80  8  / 


NOISE 

FAA-RD- 73-145  FAA-RD- 75-79  FAA-RD- 75- 12 '> 

FAA-RD-7  5-190  FAA-RD-76-1  FAA-RD-76-49 

FAA-RD- 76-116  FAA-RD-77-57  FAA-RD-77-94 

FAA-RD-78-101 

Note:  Durinq  the  late  1970's,  responsibility  for  issues 
reqardinq  helicopter  noise  was  transferee!  to  the  FAA  Office  of 
Environment  and  Energy  (AEE) .  The  reports  listed  in  this 
bibiioqraphy  are  limited  to  those  in  which  the  research, 
enqineerinq,  and  development  elements  (i.e.,  the  ADL  complex) 
of  the  FAA  have  been  involved  as  sponsors,  participants,  or 
authors.  Since  AEE  is  outside  the  ADL  complex,  the  reports 
they  have  published  on  helicopter  noise  are  not  listed  herein. 

NOND IRECTIONAL  BEACON 

FAA-RD -76-146  FAA-RD- 78-101  FAA-RD-78-150 

FAA-RD-80-85  FAA/RD-82/6  FAA/PM-86/25, I 

NON PRECIS  ION  APPROACHES  (See  also  Airoorne  Radar  Approaches) 

NA-80-J4-LK  FAA-CT-8 0-175  FAA-RD-81-27 

FAA/RD-82/8  FAA/RD-82/9  FAA/RD-82/16 

FAA/RD-82/71  FAA/RD-8  2/78  FAA/CT-82/ 10 3 

FAA/CT-TN83/C  3  FAA/CT-TN84/34  FAA/CT-TN85/17 

FAA/PM-86/25, I 

NORTHEAST  CORRIDOR 

FAA-RD -  70-10  FAA-RD-80-17 

FAA-RD-aO-59  FAA-RD-80-80 

FAA-RD- 81-59  FAA/CT-82/ 5 7 

FAA/CT'-TN  85/17 

OBSTRUCTION  AVOIDANCE  (See  also  Airoorne  Radar  Approaches  and 

TERPS) 

FAA-RD  81-59  FAA-RD -80-107  FAA/PM-86/28 

OFFSHORE  OPERATIONS  (See  also  Gulf  of  Mexico  and  Airborne  Radar 

Approaches) 

FAA-RD- 7 6- 123  FAA-RD-76-146 

FAA-RD -7 9- 12  3  FAA-RD-80-20 

FAA-RD-80-87  FAA-RD-80-107 

FAA- RD -  8 1 -  5  5  FAA/RD-82/6 

OMEGA 

NA-78-55-LR  FAA-RD- 78-101  FAA-RD-78-150 

FAA-RD-80-85  FAA-RD-80-88 , II  FAA/RD-82/6 

FAA/PM-86/14  FAA/ PM -8 6/ 15 


NA-78-55-LR 

NA-80-34-LR 

FAA-RD-81-27 

FAA/PM-83/4 


NA-80-34-LH 
FAA-CT-8 0-x7 5 
FAA/RD -82/78 


PRECISION  APPROACH  RADAR  (PAR) 


FAA-RD  80-107 
RNAV  (See  Area  Navigation) 

ROTOR  SLADE  CONTAINMENT 
FAA-RD-77-100 

SAFETY  (While  this  topic  is  addressed  in  most  of  the  documents  in 
this  bibliography,  the  following  documents  are  of 
particular  interest.) 

FAA/CT-83/6  PM-85-2-LR  PM-85-3-LR 

PM-85-4-LR  FAA/PM-85/6  FAA/PM-86/28 

FAA/Prt-86/45 

SIMULATION 

NA-68-21 
FAA-RD-80-86 
FAA-RD-81-59 
FAA/PM-86/15 

TACAN 

FAA-RD -  76-14  6  FAA-RD-78-101  FAA-RD-80-88, II 

FAA/RD-82/6  FAA/RD-82/63 

TERMINAL  INSTRUMENT  PROCEDURES  (TERPS) 

FAA-RD-78-150  FAA-RD- 8 0-17 

FAA-RD-80- 59  FAA-RD-80-80 

FAA-CT-81-167  FAA/CT-TN84/16 

FAA/CT-TN85/15  FAA/CT-TN85/24 

FAA/CT-TN85/55  FAA/PM-86/14 

FAA/AVN- 200- 25  (1986) 

TILT  ROTOR 

FAA-RD-78-150 

TRAFFIC  ALERT  AND  COLLISION  AVOIDANCE  SYSTEM  (TCAS) 

FAA/RD-82/63  FAA/CT-83/40  FAA/PM-85/6 

FAA/PM-85/30  FAA/CT-TN85/49  FAA/CT-TN85/60 

FAA/CT-TN8  5/8  3 

TRAINING 
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16  Abstract 


A  composite  summary  analysis  was  made  of  the  height-velocity  (H-V)  diagram 
test  data  obtained  from  the  flight  testing  of  three  single  engine,  single 
rotor  helicopters  of  varying  design  characteristics  and  basic  parameters.  The 
purpose  of  this  analysis  was  to  ascertain  if  a  practical  method  for  the  deter¬ 
mination  of  the  H-V  diagram  could  be  evolved,  as  well  as  a  means  to  determine 
the  effects  of  aircraft  weight  and  altitude  on  the  H-V  diagram.  Analysis 
disclosed  that  H-V  diagrams  can  be  developei  for  any  conventional  single  rotor 
helicopter  by  the  flight  test  determination  of  a  single  raximum  performance 
critical  speed  (Vcr)  point  in  conjunction  with  the  use  of  a  non-dimensional  curve 
and  the  solution  of  specific  key  point  ratios  which  are  set  forth  in  the  report. 
An  evaluation  of  the ' K-V  diagram  key  point  relationships  is  presented  followed 
by  a  discussion  of  the  observed  factors  affecting  autorctat ive  landing  following 
power  failure.  A  suggested  step  by  step  prveeiure  fir  flighl  manual  type  H-V 
diagrams  is  also  presented. 
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n  the  planning  of  future  VTOL  and  STOL  aircraft  ports , 
the  location  and  runway  alignment  in  order  thn+  the 
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ests  be  conducted  under  simulated  Instrument  FI irht 
he  most  favorable  relationship  between  glide  slope 
reach  speed  for  both  Vertical  and  Short  Takeoff 
further  recommended  that  the  feasibility  of  non- 
d  in  a  live  environment. 


LOr’I'l KMT  AVA  I  LA  is  J  \'7  TF  . 

19.  Ser.ur.ty  CloSS'f.  ( '}  f  this  report' 

20.  Security  Clasuf.  (of  this  pogef 

21*  No.  of  Pog*s  j  22.  Price 

'  'nc  i  as.'  i  fi  od 

N0  ]  ! 

Form  DOT  F  1700.7 


Reproduction  of  completed  page  authorized 


.. . 


[  1.  Report  No.  "  p.  Gova  'nmeni  Accttston  Ko. 

NA-69-2 

4.  Till#  ond  Subtitl#  =— -  ~ 

Flight  Test  and  Evaluation  of 
Heliport  Lighting  for  VFR 


7.  Author*  t) 

Richard  Sulzer,  Thomas  Paprocki 


9.  Performing  Orgonizohon  Homo  ond  Addrsts 

Federal  Aviation  Administration 

National  Aviation  Facilities  Experimental  Center 

Atlantic  City,  New  Jersey  081*05 


12.  Sponsoring  Agoncy  Nome  ond  Address 

Federal  Aviation  Administration 

National  Aviation  Facilities  Experimental  Center 

Atlantic  City,  New  Jersey  08H05 


Technical  Report  Documentation  Page 

3  Cotftlu?  Nr. 

i 

I 


5.  Report  Oat#  j 

March  1969 


6.  Perform  ing  Orgomzofion  Code 


8.  Perfo  rmmg  Organization  Report  No. 

NA-69-2  (rd-68-61) 


10.  Work  Unit  No.  (TRAIS) 


11.  Contract  or  Gront  No. 


13.  Type  of  Report  ond  Period  Covered 

Final  Report 


14.  Sponsoring  Agency  Code 


16.  Abstrocf 

The  guidance  value  of  heliport  lighting  Systran  components  was  tested  under  VFR 
conditions  in  a  joint  FAA/U.S.  Army  effort.  The  overall  system  included  lighting 
to  identify  and  locate  the  heliport  and  support  the  approach  and  landing  of 
helicopters. 

Forty-six  civil  and  military  pilots  flew  on  11  nights  at  Tipton  Army  Airfield, 
Fort  Meade,  Maryland,  producing  the  following  conclusions:  The  heliport  beacon, 
flashing  green-yellow-white,  had  adequate  range  and  distinctiveness  but  could 
be  improved  by  a  change  in  flash  rate;  the  yellow  pad  perimeter  lighting  met  all 
requirements;  the  white  ^proach  direction  and  yellow  landing  direction  lighting 
components  were  satisfactory;  both  pad  surface  floodlighting  and  pad  insert 
lights  were  used  satisfactorily,  and  all  pilots  who  were  shown  the  painted 
maltese  cross  marking  rated  it  as  an  aid  at  night;  the  lighted  wind  sock  provided 
adequate  wind  direction  information  if  overflown  first,  but  neigher  the  lighted 
wind  sock  nor  the  lighted  wind  tee  tested  were  adequate  to  provide  this  infor¬ 
mation  to  a  pilot  on  the  approach  path  at  one-half  mile  from  the  pad. 

A  minimum  VFR  heliport  lighting  system  is  recommended  to  include  the  beacon  for 
location  information,  the  perimeter  lights  and  painted  marking  for  pad  identifi¬ 
cation,  and  the  lighted  wind  sock  to  provide  wind  information.  Other  components 
are  recommended  for  installation  when  required  by  special  conditions. 


j  17.  K#y  Words 

Heliport  Lighting 
Heliport  Beacon 
Heliport  Marking 


18.  Distribution  Stotomonl 

Document  is  on  file  at  the  NAFEC 
Library,  Atlantic  City,  New  Jersey 
081*05 


19.  Security  Clo««il.  (of  *>ii»  roport) 

Unclassified 


20.  Sseurity  Clossif.  (of  this  pog«) 

21*  No.  of  Pogos 

Unclassified 

Ui 

hl*ii  Jri'Jl 


1.  Report  No. 

FAA-RD-70-  10 


2.  Government  Accession  No. 

AD-705507 


4.  Titl#  ond  Subtitle 

EVALUATION  OF  LORAN-C/D  AIRBORNE 
SYSTEMS 


7.  Autfcorl  *) 

George  H.  Quinn 


9.  Performing  Organisation  Nome  ond  Address 

FEDERAL  AVIATION  ADMINISTRATION 
National  Aviation  Facilities  Experimental  Center 
Atlantic  City,  New  Jersey  08405 


12.  Sponsoring  Agency  Nome  qntf  *00'*** 

DEPARTMENT  OF  TRANSPORTATION 
Federal  Aviation  Administration 
Systems  Research  Development  Service 
Washington,  D.  C.  20590 


Agency  Nome  ond  Add'#** 


15  Supplementary  Holes 


■  CCnniQAL  KfcPUKI  S  I  AND  A  WQ  TITLE  Pa  C 


3.  Recipient  •  Cotolog  No. 


5.  Report  Dote 

April  1970 


6.  Performing  Orgoni  sotion  Cod* 


B.  Performing  Orgoniio’ion  Report  No. 

FAA-NA-70-7 


10.  Work  Umt  No 


1).  Controct  or  Gront  No. 

Project  No.  330-014-03X 


13-  tyg*  of  R.port  ond  Poriod  Co.eied 

Final  Report 
November  1966  - 
November  1969 


14.  Sponsoring  Agoncy  Cod. 


Abttrgct 

The  performance  of  three  Loran-C  airborne  receiver /computer  systems  was 
investigated  during  flights  in  the  U.  S.  Northeast  Corridor  to  determine  the  1 
feasibility  of  using  Loran-C  signals  and  equipment  to  navigate  V/STOL  vehicles  j 
in  that  area.  Flight  tests  were  conducted  in  a  C-13D  and  DC-6  fixed  wing  | 

aircraft,  and  a  CH-47C  Helicopter.  Tracking  radar  was  used  on  several  of 
the  flights  to  determine  the  airb'orne  Loran-C  equipment  accuracy.  Oscilloscope; 
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positions  from  the  ground  to  operating  altitudes  in  the  Northeast  Corridor. 
However,  the  equipment  interfering  signal  rejection  ability  and  reliability 
were  not  adequate  for  immediate  operational  use. 
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iAn  analysis  was  performed  by  personnel  of  the  National  Aviation 
.Facilities  Experimental  Center  (NAFEC)  to  determine  the  adequacy  of 
(very  high  frequency  omnirange/distance  measuring  equipment  (VOR/DME) 
jguidance  signals  for  vertical/short  takeoff  and  landing  (V/STOL)  air¬ 
craft  area  navigation  ( RNAV)  in  the  Los  Angeles  (LAX)  area.  Guidance 
signals  were  derived  from  existing  VOR/DME  and  "converted"  VOR  facil¬ 
ities.  It  was  concluded  that:  (1)  VOR/DME  RNAV  over  seven  approved 
routes  was  feasible  when  using  the  existing  VOR/DME  facilities; 

(2)  DME/DME  RNAV  over  the  approved  routes  is  feasible  when  using 
station-pair  combinations  from  existing  VOR/DME  facilities  and  certain 
converted  VOR  stations;  (3)  Except  for  the  last  segment  of  the  LAX  to 
Van  Nuys  (VNY)  direct  route,  VOR/DME  RNAV  over  the  hypothetical  direct 
router,  was  feasible  when  using  existing  VOR/DME  facilities;  (4)  Except 
for  the  last  segment  of  the  LAX  to  VNY  direct  route,  DME/DME  RNAV  over 
the  direct  routes  was  feasible  when  using  station-pair  combinations 
from  existing  VOR/DME  facilities  and  certain  converted  VOR  stations; 

(5)  RNAV  using  DME/DME  was  potentially  more  accurate  than  VOR/DME;  and 

(6)  The  number  cf  en  route  station  changeovers  for  VOR/DME  and  DME/DM: 
RNAV  over  the  approved  and  direct  routes  was  considered  acceptable. 
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the  New  York  terminal  area  complex;  the  other  investigated  the  effect  of  STOL  air-  j 
craft  operating  on  various  configurations  of  STOL  runways  at  a  high-density,  multi-  j 
runway,  conventional  takeoff  and  landing  (CT0L)  airport.  It  was  concluded  that  STOLj 
operations  can  be  accommodated  at  a  downtown  STOLport;  however,  where  airspace  is 
limited,  intricate  profiles  requiring  a  high  degree  of  aircraft  performance  may  be 
required.  The  performance  of  these  profiles  should  be  an  onboard  responsibility  ! 
using  highly  accurate  area  navigation  equipments  with  the  ATC  facility  serving  as  a  j 
monitor.  The  current  method  of  controller  speed  commands  can  be  used  as  an  Interim  j 
method  of  metering  and  spacing  pending  more  sophisticated  methods,  but  requires 
flexible  aircraft  speed  parameters  and  doae  cooperation  between  pilot  and  control-  I 
ler.  As  an  aid  to  airspace  utilization,  a  glide  slope  of  7  1/2°  is  beneficial  and  j 
may  be  essential.  -It  was  further  concluded  that  the  least  effect  on  CTOL  operations! 
at  a  CTOL/STOL  airport  la  achieved  by  a  parallel  system  of  STOL  runways  bordering 
upon  the  CTOL  complex.  The  techniques  for  controlling  STOL  aircraft  at  a  CTOL 
airport  are  similar  to  those  applied  to  CTOL  aircraft;  however,  more  emphasis  is 
placed  on  speed  control  a a  opposed  to  radar  vectoring  because  of  the  criticalness 
of  the  operation  within  the  confines  of  limited  airspace.  A  steep  glide  slope,  pre-i 
planned  pilot-performed  flight  tracks,  and  the  limiting  of  the  number  of  STOL  routes! 
into  the  terminal  area  are  aids  to  an  efficient  STOL  operation. 
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promise. 
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A  computer  program  is  presented  for  predicting  the  noise  levels  of  V/STOL  aircraft 
with  jet-propulsive-lift  systems.  Using  the  equations  developed  in  Part  I  of  this 
report  the  noise  levels  may  also  be  estimated  with  hand  calculations.  Vectored 
thrust,  externally  blown  flap,  upper  surface  blown  flap,  internally  blown  flap, 
and  augmentor  wing  are  the  propulsive-lift  concepts  considered.  Semi-empi rical 
equations  are  derived  using  the  test  results  and  theories  for  the  following 
aircraft  noise  sources:  Internal  engine,  jet,  excess  (core  engine),  high-lift 
system,  airframe,  and  auxiliary  power  unit.  The  computer  program  predicts  the 
perceived  noise  levels  and  tone  corrected  perceived  noise  levels  for  V/STOL  air¬ 
craft  at  any  specified  sideline  distance  for  known  geometrical  and  operational 
parameters.  This  report  supersedes  the  earlier  report  No.  FAA-RD-73-I ^5 , 
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Although  this  first  phase  of  a  two-phase  program  emphasized  the  extent  that  Per-  I 
ceived  Noise  Level  In  PNdB,  Perceived  Level  In  dBA,  and  corrections  to  these  engineer-  j 
Ing  calculation  procedures  reflected  annoyance  to  next  generation  ST0L  aircraft  noise 
signatures,  other  aspects  of  certification  Implementation  were  also  considered  and  willj 
be  emphasized  In  a  report  on  the  second  phase  of  the  program. 

As  a  means  of  determining  the  accuracy  and  reliability  of  engineering  calculation 
procedures  that  could  be  utilized  as  a  basis  for  noise  certification  of  V/STOL  commer-  j 
clal  aircraft,  36  persons  made  annoyance  Judgments  to  34  noise  signals  presented  at  5  i 
different  levels.  The  signals  Included  recordings  of  conventional  Jet  aircraft  oper-  I 
ations,  turboprop  and  reciprocating  engine  powered  commercial  aircraft,  helicopter 
flybys,  and  simulations  of  V/STOL  operations.  Both  relative  annoyance  and  absolute 
acceptability  Judgments  were  obtained.  Some  of  the  results  are:  ! 


•  For  flyover  (not  hover)  operations  EPNdB  validly  and  reliably  predicts  annoyance.  I 

•  For  hover  type  of  operations  EPNdB  under  predicts  annoyance. 

•  When  applied  to  all  aircraft  types,  the  FAR-36  tone  correction  degrades  reliability 
for  both  PNdB  and  dBA  while  the  duration  correction  Improves  reliability  to  a 
significant  extent. 

•  A  difference  between  calculated  and  Judged  values  should  be  equal -to-or-greater- 

than  3  EPNdB  In  order  to  conclude  that  the  difference  Is  reliable.  ! 
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noisiness)  is  shown  to  be  a  function  of  the  sound  pressure  squared  and  the  sound 
frequency  squared,  i.e.  PLdB  *  k  p2  f2.  a  logarithmic  formula  employing  this  basic 
relationship  between  perceived  level  and  pressure  and  frequency  has  been  developed 
and  is  found  to  be  as  accurate  as  the  more  complex  methods  currently  in  use,  i.e. 
PLdB  *14+20  Logio  P  (H^)  ♦  20  Logjo  f  (Hz)  which  is  equal  to  the  following: 

PLdB  *  P (dB) -60  ♦  20  Log10  F  (Hz).  The  perceived  level  of  an  aircraft  takeoff  or 
landing  is  demonstrated  to  be  equal,  to  the  logarithmic  sum  of  the  perceived  levels 
calculated  using  the  above  formula,  for  each  octave  band  or  1/3  octave  band,  i.e. 
PLdB  =  10  Logio  [antilogjo  PLdBi/10  ♦  antilogjg  PLdB2/10  ....♦  antilogy  PLdBN/10] 

The  results  are  found  to  be  more  accurate  than  the  complex  methods  currently 
in  use  for  the  useful  range  of  sound  pressure  levels  and  frequencies  found  to  be 
associated  with  operational  aircraft  including  helicopters,  turbofan,  turboprop  and 
turbojet  powered  aircraft.  This  work,  therefore,  provides  the  systems  engineer 
an  easily  understood  and  useful  design  and  evaluation  method.  The  formula  developed 
clearly  shows  the  design  engineer  and  management  personnel  the  relationship  between 
the  physical  characteristics  of  an  evolving  system  and  its  potential  impact  on 
[human  and  community  response. 
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forward  flight  conditions. 
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14.  Abstract 

This  data  report  contains  the  measured  noise  levels  obtained 
from  an  FAA  Helicopter  Noise  Test  Program.  The  purpose  of  this  test 
program  was  to  provide  a  data  base  for  a  possible  helicopter  noise 
certification  rule.  The  noise  data  presented  in  this  two  volume 
report  is  primarily  intended  as  a  means  to  disseminate  the  available 
information.  Only  the  measured  data  is  presented  in  this  report.  All 
FAA/DOT  data  analysis  and  comparisons  will  be  presented  in  a  later 
report  which  is  scheduled  for  distribution  in  July, 1977. 

The  eight  helicopters  tested  during  this  Helicopter  Noise  Test 
Program  constituted  a  wide  range  of  gross  weights  and  included  par¬ 
ticipation  from  several  helicopter  manufacturers.  The  helicopter 
models  used  in  this  test  program  were  the  Hughes  300C,  Hughes  500C, 
Bell  47-G,  Bell  206-L,  Bell  212  (UH-1N) ,  Sikorsky  S-61  (SH-3A) , 
Sikorsky  S-64  "Skycrane"  (CH-54B) ,  and  Boeing  Vertol  "Chinook"  CH-47C 
Volume  I  contains  the  measured  noise  levels  obtained  from  the  first 
four  helicopters  while  Volume  II  contains  the  data  from  the  remain¬ 
ing  four. 

The  test  procedure  for  each  helicopter  consisted  of  obtaining 
noise  data  during  hover,  level  flyover,  and  approach  conditions.  The 
data  presented  in  this  report  consists  of  time  histories,  1/3-octave 
band  spectra,  EPNL ,  PNL,  dBA,  dBD  and  OASPL  noise  levels. 
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U.  Abstract 


This  data  report  contains  the  measured  noise  levels  obtained 
from  an  FAA  Helicopter  Noise  Test  Program.  The  purpose  of  this  test 
program  was  to  provide  a  data  base  for  a  possible  helicopter  noise 
certification  rule.  The  noise  data  presented  in  this  two  volume 
report  is  primarily  intended  as  a  means  to  disseminate  the  available 
information.  Only  the  measured  data  is  prevented  in  this  report.  All 
FAA/DOT  data  analysis  and  comparisons  will  be  presented  in  a  later 
report  which  is  scheduled  for  distribution  in  July, 1977. 

The  eight  helicopters  tested  during  this  Helicopter  Noise  Test 
Program  constituted  a  wide  range  of  gross  weights  and  included  par¬ 
ticipation  from  several  helicopter  manufacturers.  The  helicopter 
models  used  in  this  test  program  were  the  Hughes  300C,  Hughes  500C, 
Bell  47-G,  Bell  206-L,  Bell  212  (UH-1N) ,  Sikorsky  S-61  (SH-3A) , 
Sikorsky  S-64  "Skycrane"  (CH-54B) ,  and  Boeing  Vertol  "Chinook"  CH-47C 
Volume  I  contains  the  measured  noise  levels  obtained  from  the  first 
four  helicopters  while  Volume  II  contains  the  data  from  the  remain¬ 
ing  four. 

The  test  procedure  for  each  helicopter  consisted  of  obtaining 
noise  data  during  hover,  level  flyover,  and  approach  conditions.  The 
data  presented  in  this  report  consists  of  time  histories,  1/3-octave 
band  spectra,  EPNL,  PNL,  dBA,  dBD  and  OASPL  noise  levels. 
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Acoustic  data  acquired  and  processed  into  format  by  "Noise  Measurement  and 
Assessment  Laboratory"  Transportation  Systees  Center,  Cambridge,  Massachusetts 

it.  Ab.t.oct  This  report  describes  the  noise  characteristics  of  Eight  Helicopters  during 
level  flyovers,  simulated  approaches,  and  hover.  The  data  was  obtained  during  an 
FAA/DOT  Helicopter  Noise  Program  to  acquire  a  data  base  for  possible  helicopter  noise 
regulatory  action.  The  helicopter  models  tested  were  the  Bell  47G,  206L,  and  212 
(UHIN) ,  the  Hughes  300C  and  500C,  the  Sikorsky  S-61  (SH-3B)  and  S-64  (CH-54B)  and  the 
Vertol  CH-47C.  The  acoustic  data  is  presented  as  Effective  Perceived  Noise  Level, 
A-weighted  sound  pressure  level  and  1/3  octave  band  sound  pressure  level  with  a  slow 
meter  characteristic  per  FAR  Part  36.  Selected  waveforms  and  narrow  band  spectra  are 
also  shown.  Proposed  methods  to  quantify  impulsive  noise  ("blade  slap")  are  evalu¬ 
ated  for  a  level  flyover  for  each  of  the  Helicopters. 

The  tested  helicopters  can  be  grouped  into  classes  depending  upon  where  the  maximum 
noise  occurs  during  a  level  flyoveT.  Helicopters  with  the  higher  main  rotor  tip  speed! 
propagate  highly  Impulsive  noise  ahead  of  the  helicopter.  The  maximum  noise  for 
most  of  the  helicopters  occurs  near  the  overhead  position  and  appears  to  originate 
from  the  tail  rotor.  Unmuffled  reciprocating  engine  helicopters  appear  to  have  sig¬ 
nificant  engine  noise  behind  the  helicopter.  Noise  levels,  when  compared  as  a 
function  of  gross  weight  and  flown  at  airspeeds  to  minimise  "compressibility  slap" 
form  a  band  7  EPNdB  wide  with  a  slope  directly  proportional  to  gross  weight.  The 
quieter  helicopters  have  multibladed  rotors  and  tipspeeds  below  700  fps.  The  duration 
correction  in  EPNL  is  important  in  evaluating  helicopter  noise  because  it  penalizes 
the  longer  time  histories  of  the  helicopters  with  significant  blade  slap  during  a 
level  flyover. 
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Id  Aktttect 

An  engineenng  study  on  a  large  turbofan  engine  was  conducted  to:  ( 1 )  accurately  estimate  the  engine  weight  increase  and 
design  criteria  necessary  to  contain  equivalent  disk  fragments  resulting  from  a  rotor  failure,  (2)  evaluate  forward  contain¬ 
ment  for  tip  fragments  of  fan  blades,  (3)  identify  critical  structural  components  and  loads  for  the  loss  of  an  equivalent  fan 
disk  fragment  through  analysis  of  the  rotor/frame  transient  dynamic  response.  The  fragments  studied  for  engine  contain¬ 
ment  were  disk  fragments  with  energy  equivalent  to  two  adjacent  blades  and  an  included  disk  serration,  and  four  adjacent 
blades  and  three  included  disk  serrations.  The  forward  containment  study  was  made  to  determine  the  additional  weight 
required  to  contain  or  deflect  turbofan  engine  fan  blade  tip  fragments  up  to  30  degrees  forward  of  the  plane  of  rotation,  as 
measured  from  the  axis  of  rotation. 

The  results  of  this  study  indicated  significant  weight  increases  for  the  engine  in  order  to  contain  the  equivalent  disk  frag¬ 
ments  of  two  blades  with  an  included  disk  serration  and  four  blades  with  three  included  disk  serrations.  The  total  resultant 
engine  weight  increase  (shown  in  Table  9)  for  the  two  blade  fragment  is  367  pounds  and  for  the  four  blade  fragment  is  682 
pounds. 
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16.  Abstract 

Limited  flight  tests  were  conducted  using  Loran-C  and  Omega  guidance  in  the 
offshore  Atlantic  City  area  as  part  of  the  Helicopter  IFR  Operations  Program  at 
NAFEC.  Tests  were  conducted  using  a  prototype  Loran-C  system  and  a  production 
Omega  system  both  installed  in  a  CV-580  aircraft.  Approved  offshore  routes 
were  flown  and  data  was  collected  on  both  navigation  systems.  Precision  radar 
tracking  was  used  to  determine  aircraft  position.  Measured  results  on  Omega 
navigation  indicates  mean  +_  2  sigma  crosstrack  errors  wihich  in  some  cases  are 
larger  than  a  +_  2nm  route  width.  Measured  results  on  Loran-C  navigation  indicate 
mean  +  2  sigma  crosstrack  errors  which  are  close  to  but  do  not  exceed  a  +  2 
run  route  width.  The  Loran-C  figure,  however,  includes  a  bias  error  of  about 
1.2nm  which  was  caused  by  a  problem  in  the  prototype  receiver.  According  to 
the  manufacturer,  the  problem  has  been  corrected.  If  the  bias  is  subtracted  out, 
the  mean  +  2  sigma  Loran-C  crossstrack  error  is  well  within  a  +  2nm  route  width. 
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It  MlOKl 

The  Helicopter  Operations  Development  Plan  Is  designed  to  provide 
for  upgrading  and  development  of  all  those  criteria,  standards,  procedures, 
systems-,  and  regulatory  activities  which  will  allow  safe,  timely  and  eco¬ 
nomical  integration  of  the  helicopter  into  all-weather  operations  in  the 
National  Airspace  System.  It  describes  a  five-year  development  program 
whose  objective  is  to  Improve  the  National  Airspace  System  so  as  to  enable 
helicopters  to  employ  their  unique  capabilities.  It  includes  the  collec¬ 
tion  of  data  (both  near  and  long  term)  for  use  by  the  FAA  and  others  to 
ensure  full  Integration  into  the  NAS  of  this  rapidly  growing  segment  of 
aviation.  These  areas  are  covered  in  the  plan:  (1)  IFR  Helicopter  Opera¬ 
tions;  (2/  Navigation  Systems  Development;  (3)'  Communication  Systems  Devel¬ 
opment;  (4 )'  Helicopter  Air-Traffic  Control;  (57  Weather  Environment;  (6)' 
All-Weather  Heliport  Development;  (7)  IFR  Helicopter  Certification  Stan¬ 
dards;  (87  Helicopter  Icing  Standards;  (97  Helicopter  Crashworthiness  and 
(10f  Helicopter  Noise  Characterization.  The  FAA  groups,  other  Federal 
Government  agencies  and  other  organizations  participating  in  this  effort 
are  identified.  Program  management  responsibilities  are  addressed.  A 
program  schedule  with  milestones  is  presented  and  program  funding  require¬ 
ments  are  Identified. 
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This  report  describes  the  collection  and  analysis  of  data  related  to  the  behavior 
of  the  wake  vortices  of  departing  aircraft.  The  test  site  was  located  on  the 
departure  end  of  Runway  23L  at  Toronto  International  Airport,  Toronto,  Ontario, 
Canada.  Three  arrays  of  Ground  Wind  Vortex  Sensing  Systems  and  one  Monostatic 
Acoustic  Vortex  Sensing  System  were  used  to  detect,  track  and  measure  the  strength 
of  the  vortices. 

The  data  were  analyzed  to  determine  vortex  lifetimes,  transport  characteristics 
and  decay  mechanism. 

The  results  of  the  data  analysis  were  used  to  generate  an  elliptical  wind  rose 
criterion  similar  to  that  used  in  the  Vortex  Advisory  System  for  reduction  in 
interarrival  aircraft  spacings. 

Appendix  A  contains  the  results  of  a  series  of  measurements  on  the  Vortices 
generated  by  a  Boeing  Vertol  llU  ( HUT  Chinook)  helicopter. 
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14.  Abotroct 

The  problems  which  inhibit  the  integration  of  IFR  operations  in  the  ATC  system 
were  examined,  and  recommendations  were  made  to  resolve  these  problems.  Revisions 
in  TERPS  criteria  and  in  the  ATC  Handbook  are  necessary,  to  minimize  interference 
between  fixed-wing  and  rotary-wing  aircraft.  The  use  of  2  no  radar  separation 
between  IFR  helicopters  in  terminal  areas  is  recommended  to  increase  capacity  by 
reducing  the  time  interval  between  helicopter  approaches  to  a  value  consistent  with 
the  time  interval  between  fixed-ving  approaches.  Helicopters  have  a  special  need 
for  low-altitude  RNAV  capability  and  the  ATC  system  needs  to  be  better  adapted  to 
handle  the  random  route  traffic  that  helicopters  will  generate  in  exploiting  their 
special  capabilities.  To  this  end,  it  is  recommended  that  the  FAA  develop  software 
to  call  up  and  display,  on  the  ATC  PPI,  random  waypoints  and  connecting  routes,  on 
an  as-needed  basis. 


Helicopters  operating  offshore  and  in  remote  areaa  are  often  beyond  the  cover¬ 
age  of  surveillance  radar,  thus  requiring  the  use  of  procedural  control.  They  also 
operate  below  the  coverage  of  VHF  communications  and  V0R/DME,  requiring  alternate 
types  of  systems,  several  of  which  are  recommended.  The  need  for  special  controller 
training  in  procedural  control,  and  in  helicopter  characteristics  and  limitations 
was  mat?-  apparent  during  the  study. 
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i4.  Ak.MM>  -p>,iS  r£.port  reviews  the  Airworthiness  Standards  for  Certification 
of  Helicopters  for  Instrument  Flight  Rules  Operation.  It  specifically 
reviews  the  Interim  Criteria,  Federal  Aviation  Regulations.  Advisory 
Circulars  and  other  pertinent  documents  associated  with  the  certification 
of  Helicopters  for  Instrument  Flight.  A  review  of  current  technology, 
existing  data  applicable  to  IFR  helicopter  operation  and  certification 
procedures  is  accomplished.  Idcntif icat ion  of  specific  airworthiness 
requirements  for  helicopters  operating  in  IFR  conditions  tr.  studied  and 
special  attention  is  Riven  to  aircrew  manning  configurations,  pilot  flight- 
control  workloads,  helicopter  trim,  static  stability,  dynamic  stability, 
handling  qualities,  analysis  of  time  history  data  and  documentation  proce¬ 
dures,  augmentation  systems,  autopilots  and  a  review  of  certain  flight  test 
techniques.  An  analysis  was  made  of  the  numerous  helicopters  re-  early 
certified  for  IFR  flight  in  order  to  establish  the  various  systems  utilized 
Including  avionics  systems,  display  systems  and  autopilot  type  systems. 
Special  emphasis  was  centered  on  the  study  of  the  most  critical  IFR  flleht 
phases  depicted  by  high  workload  cruise  conditions  and  marginal  stability 
conditions  due  aft  c.g.  conditions,  descent,  and  high  climb  rate  conditions 
during  IFR  approaches  and  missed  approaches  for  Category  I  procedures. 
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16.  Abstract 

The  results  of  a  two-phased  program  to  investigate  powered- lift  aircraft 
handling  quality  degradation  due  to  both  naturally-occurring  and  computer¬ 
generated  atmospheric  turbulence  are  presented  and  discussed.  In  Phase  I 
an  airborne  simulator  was  used  to  simulate  a  powered- lift  aircraft  on  final 
approach.  The  atmospheric  conditions  included  calm  air,  moderate  to  heavy- 
turbulence,  and  frontal- type  wind  shears.  In  Phase  II  a  ground-based 
simulator  with  a  moving  cockpit  and  a  colored  visual  display  was  used  to 
represent  the  same  powered- lift  aircraft.  During  Phase  II,  the  Dryden  model 
of  atmospheric  turbulence  was  used  as  well  as  the  naturally- occurring  wind 
profiles  recorded  during  Phase  I. 

Analysis  of  the  data  showed  that  the  handling  quality  assessments  obtained 
In  the  airborne  and  ground-based  simulators  were  similar,  but  wind  shear  was 
responsible  for  more  of  the  differences  than  turbulence.  The  comparison  of 
the  handling  quality  assessments  and  selected  measures  of  combined  pilot- 
vehicle  performance  obtained  with  the  naturally- occurring  and  computer¬ 
generated  turbulences  demonstrate  that  the  Dryden  model  can  yield  optimistic 
ratings  of  airplane  handling  qualities  and  an  optimistic  estimate  of  combined 
pilot- vehicle  performance  degradation  in  turbulent  landing  conditions . 
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A  review  was  made  of  the  Interim  Criteria,  Federal  Aviation  Regula¬ 
tions,  Advisory  Circulars  and  other  pertinent  Documents  associated  with 
certification  of  Helicopters  for  instrument  flight.  A  review  of 
publications  pertaining  to  workload  definitions  and  evaluation,  applicabl 
to  IFR  helicopter  operations  was  accomplished.  The  report  identifies  the 
role  of  aircrew  workload  in  the  IFR  certification  process  and  develops  a 
rationale  to  allow  determination  of  that  portion  of  a  pilot's  attention 
and  effort  available  for  aircraft  control.  Performance  objectives  for 
required  maneuvers  are  delineated  and  the  Interdependence  of  performance 
and  workload  is  identified.  Workload/performance  implications  for  single 
and  dual  pilot  IFR  operations  are  reviewed.  A  series  of  flight  maneuver 
patterns  for  use  as  IFR  certification  assessment  tools  is  developed.  A 
flying  qualities  workload  evaluation  scheme  is  offered  for  use  in  the  FAA 
certification  process  for  IFR  approval  of  helicopters. 
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16.  Ak.tr.cl 

This  report  presents  the  results  of  a  comprehensive  flight  test  experiment  of 
an  Airborne  Radar  Approach  (ARA)  system.  The  tests  were  performed  within  a  60 
nautical  mile  radius  of  NAFEC  in  Atlantic  City,  N.J.  The  test  environment  involved 
three  distinct  sites:  airport,  remote  and  offshore.  The  test  aircraft  was  a  NASA 
CHS 3 A  helicopter  manufactured  by  Sikorsky  Aircraft  and  currently  based  at  NAFEC.  The 
test  period  was  from  July  1978  to  December  1978. 1  Flight  tests  for  ARA  accuracy  and 
procedures  development  were  performed  in  both  skin  paint  (and  passive  reflector)  and 
single  beacon  radar  operating  modes.  The  flight  test  profiles  and  procedures  were 
developed  for  the  following  reasons:  1)  to  assist  the  FAA  and  the  user  community  in 
developing  and  certifying  standard  ARA  procedures,  associated  weather  minimums  and 
obstacle  clearance  requirements;  2)  to  define  and  quantify  specific  ARA  system  func¬ 
tions  and  characteristics  for  use'  in  a  Minimum  Operational  Performance  Standards 
(MOPS)  document. 

The  primary  conclusions  of  this  flight  test  experiment  were:  the  Airborne 
Radar  Approach  System  tested  performed  satisfactorily  from  both  an  accuracy  and  an 
operational  viewpoint  in  the  single  beacon  mode  for  all  three  airspace  environments; 
the  ARA  performance  in  the  skin  paint  mode  showed  two  significant  problems,  1)  distin 
guishing  landside  targets  was  quite  difficult  and  could  cause  operational  problems, 

2)  offshore  targets  such  as  oil  rigs  provide  bright  returns  but  are  not  distinguish¬ 
able  from  boats,  lighthouses  and  buoys;  the  ARA  performance  in  the  reflector  mode 
showed  that  very  large  reflector  cross  sections  are  required  to  provide  positive 
target  identification. 

Further  flight  experiments  are  planned  to  evaluate  additional  radar  operating 
I  modes  such  as  combined  skin  paint  and  beacon  modes,  and  techniques  of  cockpit 
display  to  aid  the  pilot  in  his  "track  keeping"  function. 
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Helicopter  Instrument  flight  rules  (IFR)  operations  in  the  offshore  oil  drilling  areas 
are  creating  a  need  for  low-level  extended  range  air/ground  (A/G)  communications. 

This  report  describes  the  communications  equipment  and  concepts  used  for  helicopter 
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This  report  describes  an  evaluation  of  the  Northeast  Helicopter  Corridor  Routes 
(NEC).  The  Northeast  Corridor  is  an  experimental  route  between  Boston  and 
Washington,  D.C.,  consisting  of  two,  one-way,  reduced  width  airways  designed 
expressly  for  helicopter  operations.  The  evaluation  is  a  joint  effort  of  the 
Federal  Aviation  Administrat ion  (FAA)  and  the  Helicopter  Association  of  America 
(HAA).  The  data  being  gathered  is  irt  the  form  of  data  extraction  tapes  from 
Automated  Radar  Terminal  Service  (ARTS)  equipped  air  traffic  control  (ATC) 
facilities  along  the  routes  and  flight  logs  submitted  by  the  helicopter  pilots 
after  each  corridor  test  flight.  The  test  flights  are  being  made  as  cooperating 
corporate  helicopter  operators  fly  the  corridor  in  the  course  of  their  normal 
operations. 

The  data  collection  phase  of  this  evaluation  began  July  15,  1979,  and  will 
continue  until  July  15,  1980. 
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16.  Abstroct 

This  report  presents  preliminary  results  of  a  flight  teat  evaluation  of  a  radar 
cursor  technique  to  be  used  as  an  aid  in  acquiring  and  tracking  the  desired 
ground  track  during  airborne  radar  approaches.  The  test  was  performed  using  a 
Sikorsky  CH-53A  helicopter  on  loan  from  NASA  and  baaed  at  NAFEC.  The  airborne 
radar  system  used  was  a  BENDIX  RDR-1400A  modified  to  electronically  produce  a 
radar  cursor  display  of  course  error.  Airborne  radar  approaches  were  made  to  an 
offshore  and  an  airport  test  environment  located  within  a  60  nautical  mile  radius 
of  NAFEC.  Systems  Control,  Inc. (SCI),  provided  contractor  services  in  the  areas 
of  test  planning,  data  reduction,  and  final  report  preparation.  The  specific 
purpose  of  the  test  was  to  evaluate  the  practical  utility  of  the  radar  cursor 
as  an  aid  to  performing  airborne  radar  approaches.  The  preliminary  conclusion 
of  this  test  was  that  the  use  of  the  radar  cursor  improved  course  acquisition 
and  ground  tracking  significantly  with  pilotage  errors  and  total  system  cross¬ 
track  errors  reduced  by  one-half  or  better.  The  radar  cursor  technique  showed 
potential  in  reducing  airspace  requirements  for  airborne  radar  approaches. 

SCI  is  presently  completing  data  reduction  and  analysis  and  will  publish  a 
final  report  in  the  near  future. 
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were  based,  reveals  that  data  obtained  from  measurements  of  ice  accretion  on 
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sponsible  for  the  conclusions  that  1)  the  historical  LWC  values  are  generally 
larger  than  those  observed  in  the  flights  described  in  this  report,  2)  the  his¬ 
torical  MMDs  appear  to  be  generally  too  small  for  all  values  of  LWC  and  3)  the 
historical  droplet  size  distributions  are  unreliable,  as  is  acknowledged  in  the 
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data  generated  by  each  project  Is  developed,  coordinated  and  applied 
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other  Federal  Government  agencies,  and  organizations  participating  in 
this  effort  are  identified.  Program  management  responsibilities  are 
addressed  and  a  program  schedule  with  milestones  is  presented. 
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This  comprehensive  report  presents  the  results  of  a  flight  test  experiment 
of  an  Airborne  Radar  Approach  (ARA)  System  utilizing  various  track  orientation 
techniques  and  operational  modes.  The  tests  were  performed  in  the  immediate  area  of 
NAFEC  in  Atlantic  City,  N.J.  The  test  environment  involved  the  airport  terminal 
area  and  offshore  sites.  The  test  aircraft  was  a  NASA  CH53A  helicopter  manufactured 
by  Sikorsky  Aircraft  and  currently  based  at  NAFEC.  The  test  period  was  from 
January  1979  to  February  1979  and  from  June  1979  to  August  1979.  Flight  tests  for 
ara  accuracy  and  procedures  development  were  performed  in  six  distinct  operational 
modes.  These  were  as  follows:  beacon  w/cursor,  multiple  beacon,  skin  paint,  skin 
paint  w/cursor,  combined  and  beacon-onl>  modes.  The  specific  program  objectives  can 
be  summarized  as  follows:  1)  to  evaluate  the  ability  of  the  radar  operator  to  guide 
an  aircraft  along  a  predetermined  path  using  various  track  orientation  techniques, 
namely:  the  cursor  and  multiple  beacon  techniques;  2)  to  assist  the  FAA  in  developing 
and  certifying  standard  ARA  procedures  and  weather  minimums;  3)  to  define  and 
quantify  specific  ARA  system  functions  and  characteristics  for  use  in  a  Minimum 
Operational  Performance  Standards  (MOPS)  document. 

The  primary  conclusions  of  this  flight  test  experiment  were:  the  ARA  system 
performed  satisfactorily  from  both  an  accuracy  and  an  operational  viewpoint  in  all 
3ix  operational  modes,  the  ARA  performance  utilizing  the  track  orientation  techniques 
showed  marked  decrease  in  the  overall  Total  System  Cross  Track  (TSCT)  and  Flight 
Technical  Error  (FTE)  quantities;  the  cursor  and  multiple  beacon  techniques  also 
eliminated  the  tendency  to  "home"  to  station;  in  the  skin  paint  mode  distinguishing 
offshore  targets  such  as  lighthouses  from  ships  and  other  surface  objects  is 
virtually  impossible. 
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SoooUmoniorr  Nof».  -phe  Helicopter  Northeast  Corridor  Evaluation  was  conducted  by  the 
Helicopter  Systems  Branch  of  the  Navigation  and  Landing  Division  under  the 
direction  of  Raymond  J.  Hilton,  Program  Manager.  This  report  and  a  compan* 
it  iffiuft*?0**  from  the  FAA  Teahniaal  Cwrtw  entitled  Goseider  Opera’ — 


tional  User  Evaluation",  RD  80-17,  reflect  the  results  of  the  evaluation. 

With  the  growing  importance  of  helicopters  to  the  national  air  trans¬ 
portation  system,  a  demand  is  developing  for  more  IFR  (virtually  all-weather) 
helicopter  capability.  At  the  same  time,  it  is  essential  that  helicopters  be 
able  to  take  advantage  of  their  unique  features  and  operate  within  the  common 
ATC  system  without  conflict  to  or  from  conventional  fixed  wing  air  traffic. 

A  "test  bed"  operation  was  established  progressively  by  the  FAA  in  coopera¬ 
tion  with  the  HAA  during  the  period  1975-1978  to  develop  real  world  appli¬ 
cations  of  these  and  other  helicopter  operational  concepts  in  the  Northeast 
Corridor  (NEC)  of  the  United  States.  During  mid- 1979  to  early  1980  a  nine 
month  controlled  NEC  test  and  evaluation  project  was  carried  out  jointly 
by  the  HAA  and  the  FAA.  This  HAA  report  describes  the  methodology  and 
procedures  followed,  results  obtained  during  the  controlled  test  period, 
and  conclusions  and  recommendations  reached.  The  complementary  FAA 
Technical  Center  report  referred  to  in  item  15  above  will  be  issued  separately. 
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Raymond  ■  ) .  Hilton,  Program  Manager. _ 
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A  helicopter  ATC  system  for  the  Gulf  of  Mexico  is  set  forth.  It  embodies  a 
concept  of  evolutionary  growth  in  four  phases  as  follows: 

Phase  1,  The  Present  System  (period  of  use:  1980).  IFR  navigation  is  obtained 
primarily  with  Loran-C,  or  VLF/ OMEGA.  Back-up  Systems  are  ADF  and  Airborne  Weather 
Radar.  VOR/DME  is  used  over  land.  ATC  is  by  procedural  control  and  separation 
standards  because  no  radar  or  other  surveillance  system  Is  available  off  shore. 

Phase  2,  LOFF  (Loran-C  Flight  Following) (Period  of  Evaluation : 1981) .  The  L0FF 
system  is  placed  in  operation  for  experimentation  and  evaluation.  While  ATC  is 
still  performed  by  procedural  control,  LOFF  will  assist  ground  controllers  by 
reducing  workload,  Improving  flexibility,  etc.  Experiments  will  also  be  performed 
on  secondary  radar  systems  (ATCRBS  &  VLATME)  to  provide  surveillance. 

Phase  3,  Augmented  LOFF  (Period  of  use:  1983  and  beyond).  IFR  helicopters  will 
be  able  to  fly  direct, offset  or  segmented  RNAV  routes.  ATC  will  be  essentially 
equivalent  to  the  NAS.  Navigation  by  Loran-C  will  expand.  Surveillance  will  be  by 
LOFF  and/or  secondary  radar.  Area  of  control  will  be  1,500’  tc  10,000’  over  entire 
Gulf. 


Phase  A,  RNAV  Traffic  Control  (Period  of  use:  1985  and  beyond) .  IFR  helicopters 
will  be  able  to  use  any  of  a  number  of  certified  navigation  systems.  ATC  systems 
will  adapt  to  varying  accuracies  of  these  systems.  ATC  will  be  based  on  surveill¬ 
ance  provided  by  aircraft  reporting  of  position  information  and/or  secondary  radar. 
Separation  standards  will  be  reduced  and  be  equivalent  to  Northeast  Corridor. 
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This  effort  was  sponsored  by  the  Systems  Research  and  Development  Service,  Naviga¬ 
tion  and  Landing  Division,  Helicopter  Systems  Branch  under  the  direction  of 
Raymond  J.  Hilton,  Program  Manager. 

14.  Abst'oct 


A  number  of  recommendations  from  a  previous  helicopter  air  traffic  control  (ATC) 
study  (See  Report  FAA-RD-78-150)  were  examined.  Those  which  appeared  to  have  potential 
for  early  implementation  were  selected  for  further  testing.  The  selected  recommendatioi 
included:  (1)  dual-fix  holding  patterns  to  save  airspace;  (2)  speed  control  procedures 

and  short  approach  paths  to  save  fuel;  (3)  various  methods  of  reducing  separation  in 
order  to  increase  airport  or  heliport  capacity.  Under  item  3  above,  a  rationale  for 
utilizing  existing  parallel  approaches  of  helicopters  and  CTOL  aircraft  was  presented 
for  consideration. 
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Extensive  use  of  flight  simulation  and  ATC  simulation  was  recommended  in  order  to 
reduce  the  time  and  cost  of  evaluating  the  potential  Improvements.  The  steps  of  the 
recommended  simulation  program  were  arranged  in  the  order  of  ascending  cost,  to  learn 
as  much  as  possible  about  the  subject  as  quickly  as  possible  and  to  weed  out  or  revise 
impractical  solutions  before  they  reach  a  more  expensive  stage  of  evaluation  or  devel¬ 
opment.  A  detailed  simulation  program  was  prepared  using  a  modified  factorial  design 
in  order  to  Isolate  the  effects  of  changes  in  various  parameters. 
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in  three  volumes,  l.e.: 

•  Vol.  I  is  a  summary  report  of  all  Improvements  studied.  Improvements  are 
categorized  as  to  those  that  can  be  recommended  for  immediate  operational  considera¬ 
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16.  Abstract 

An  analysis  of  National  Icing  Facilities  requirements  was  performed  at  the 
request  of  the  Federal  Aviation  Administration.  This  effort  consisted  of  a 
five-month  investigation  to  determine  the  scope  and  character  of  current  and 
future  icing  facilities  needs.  This  investigation  included  current  aircraft 
needs  as  well  as  facilities  that  might  be  required  for  icing  research, 
development  and  certification  testing  through  the  year  2000. 

The  information  used  for  this  study  Included  all  icing  certification 
regulations  for  both  fixed  wing  airplanes  and  rotorcraft.  These  regulatory 
requ-' cements  for  icing  certification  were  supplemented  by  a  comprehensive 
anal /sis  of  current  and  future  aircraft  operational  requirements.  This 
indepQndent  facility  requirements  assessment  was  then  compared  to  a  previously 
published  riASA  review  of  icing  facilities  capabilities. 

The  conclusion  was  reached  that  the  need  for  an  inventory  of  National  Icing 
Facilities  currently  exists  and  will  become  intensified  in  the  next  decade. 

The  technical  characteristics  of  these  facilities  were  described  and  it  was 
recommended  that  a  joint  FAA/NASA/D0D  Task  Force  be  established  to  formulate 
and  spearhead  the  development  of  a  National  Icing  Facilities  Program. 
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A  helicopter  performance  related  heliport  classification  method  is 
developed  which  accomodates  an  applicable  range  of  operating  conditions 
and  factors  which  impact  helicopter  performance.  Dimensional  values 
for  use  in  planning  both  real  estate  and  airspace  surfaces  are 
determined  for  application  to  the  identified  heliport  classifications. 
Those  values  are  incorporated  into  generalized  guidelines  for  heliport 
planners  to  meet  site-specific  and  non-standard  operational  conditions. 
Requirements  for  flight  manual  performance  charts  and  published  heli¬ 
port  information  are  also  identified. 
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Current  weather  services  in  support  of  the  more  than  800  helicopters  operating 
in  the  Gulf  of  Mexico  is  reviewed  and  the  limitations  noted.  Means  of  improving 
these  services  based  on  currently  available  facilities  and  ongoing  research  and 
development  efforts  are  presented.  Immediate  Improvements  in  weather  services 
car  ,C3 the  implementation  of  a  plan  agreed  upon  by  personnel  of  the 
N^S,^h!llc?pter  0Perators.  Near-term  (to  1986)  and  longer-term 
(beyond  1986)  developments  in  observations,  forecasts,  and  conmuni cations  that 
can  improve  weather  services  are  presented. 
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FAA  Air  Traffic  Control  Handbook  7110.  65B  was  reviewed  on  a  paragraph 
by  paragraph  basis  to  identify  those  changes  considered  necessary  to  more 
efficiently  accommodate  helicopters  in  the  Air  Traffic  Control  System. 

As  a  result  of  this  review,  specific  proposed  changes  are  set  forth  in  this 
report.  An  HAA(HAI)  special  ATC  study  working  group  was  established  by 
the  HAA  program  manager  to  assist  in  the  conduct  of  the  project,  and  various 
direct  industry  contacts  were  held  to  solicit  inputs. 
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As  part  of  the  Helicopter  Operations  Development  Plan,  this  document  outlines 
a  phased  study  of  area  navigation  applications  in  the  control  of  low-altitude  IFR 
helicopter  operations,  with  particular  emphasis  on  methods  of  reducing  controller 
workload  in  order  to  make  the  use  of  direct  rancjom  routes  feasible.  Each  of  the 
four  phases  of  the  plan  embodies  analysis,  simulation,  and  validation.  The  study 
is  evolutionary;  Phase  1  starts  with  the  basic  functions  of  generating  conflict-free 
routes,  and  maintaining  positive  separation  between  aircraft  in  areas  outside  of 
radar  coverage.  Phase  2  introduces  terrain  problems  in  mountainous  areas.  Phase  3 
investigates  interactions  between  fixed  and  random  routes,  and  between  fixed-wing 
aircraft  and  helicopters  in  major  terminal  areas.  Phase  4  provides  further  compli¬ 
cations  in  the  study  of  off-optimum  operations  (interruptions  in  navigation,  communi¬ 
cations,  and  surveillance  coverage)  in  which  the  airborne  separation  assurance 
function  will  be  investigated.  A  broad  outline  of  the  entire  plan  is  presented, 
with  a  detailed  schedule  of  the  first  phase. 
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10.  Akitftd 

Flights  under  Instrument  Flight  Rules  ( IFR)  require  the  filing  of  e  flight 
plan.  The  flight  plan  must  contain  an  alternate  airport  unless  certain  conditions 
at  the  destination  are  met.  These  conditions  concern  the  availability  of  an  Instru¬ 
ment  approach  procedure  and  anticipated  meteorological  conditions  within  one  hour 
of  the  estimated  arrival  tine.  Certain  other  conditions  must  be  met  for  an  airport 
to  qualify  as  an  alternate  airport.  These  conditions  also  are  based  on  instrument 
approach  procedure  availability  and  forecast  meteorological  conditions.  Relaxation 
of  the  current  requirements  regarding  alternate  airports  could  benefit  some  aircraft 
operators  by  improving  schedule  reliability  and  reducing  the  number  of  weather  related 
departure  delays. 

The  investigation  quantified  the  increased  risk  of  ceilings  and  visibilities  being 
below  landing  minimums  at  several  cities  in  the  conterminus  U.S.  if  requirements  are 
relaxed.  The  study  methods  utilized  climatology  data  and  weather  deterioration 
models  to  calculate  the  probability  of  an  airport  being  below  precision  and  non¬ 
precision  approach  minimums. 

The  preliminary  findings  indicate  that  relaxing  the  current  alternate  airport 
criteria  would  increase  the  risk  that  an  airport  would  be  below  landing  minimums. 

It  was  also  shown  that  this  increase  in  risk  could  be  offset  by  limiting  the 
relaxation  of  the  regulations  to  those  flights  which  are  of  short  duration  (less  than 
two  hours).  Possible  changes  to  the  current  Federal  Aviation  Regulations  regarding 
alternate  airports  are  presented. 
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The  Federal  Aviation  Administration  (FAA)  program  discussed  in  this  plan  is 
established  to  provide  an  identification  of  the  helicopter  icing  problem  as  it  is 
c  >rrently  known,  the  methodology,  and  the  resource  requirements  for  conduct  of  the 
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l*o  assure  safe,  timely,  and  cost  effective  certification  of  helicopter  ice  protection. 
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,l  isults  of  efforts  under  this  program  are  intended  to  be  directed  primarily  to 
j  gulatory  authorities  of  the  FAA  for  implementation  as  appropriate  and  necessary. 
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16.  Abstract 

This  report  identifies  the  various  instrument  approach  procedures  that  are 
available  to  the  helicopter  operator.  Emphasis  is  placed  on  the  recently 
approved  "Helicopter  Only"  procedures,  the  criteria  for  which  are  contained  in 
Chapter  11  of  the  Terminal  Instrument  Procedures  Handbook. 

The  objective  of  this  study  was  to  examine  currently  available  solutions 
to  helicopter  approach  needs.  The  study  also  covers  new  and  innovative  solutions 
to  helicopter  approach  requirements.  This  was  accomplished  by: 

•  Identifying  the  various  navigation  aids  now  being  used 

which  may  have  general  application  to  U.S.  helicopter  operations. 

•  Describing  typical  locations  of  use,  typical  approach 
procedures,  and  mlnimums  for  each  of  these  aids. 

•  Providing  estimated  equipment  costs  for  both  the  ground 
and  airborne  portions  of  these  systems. 

•  Discussing  the  rationale  used  to  support  the  use  of  a 
particular  aid  at  a  particular  location  or  in  a  specific 
operational  environment. 

Results  of  this  investigation  are  presented  in  the  form  of  a  series  of 
helicopter  instrument  approach  options  for  the  user. 
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Flight  tests  of  two  Loran-C  airborne  navigators  were  conducted  in  the  Gulf  of  Mexico 
oil/gas  exploration  and  production  area.  Two  systems  were  installed  in  a  Federal 
Aviation  Administration  (FAA)  CV-580  aircraft  to  examine  simultaneously  the  perform¬ 
ance  of  a  Loran-C  receiver  operated  in  an  area-calibrated  mode  and  one  operated  in 
an  uncalibrated  model.  Two  separate  test  routes  were  flown  over  a  period  of  2  days. 
These  routes  covered  the  central  and  western  test  areas  of  the  Gulf  of  Mexico  and  an 
overland  route  from  Palacios,  Texas,  to  Lafayette,  Louisiana.  An  Inertial  Navigation 
System  (INS)  was  used  as  a  position  reference  standard.  The  INS  data  were  updated 
to  correct  for  drift.  Accuracy  of  the  position  reference  from  the  corrected  INS 
data  was  tO . 3  nautical  mile. 

Tic  flight  tests  indicated  that  the  use  of  area  calibration  greatly  increased  the 
area  of  compliance  with  Advisory  Circular  90-45A  en  route  accuracy  requirements  in 
the  flight  test. 

This  report  is  a  followup  of  report  No.  FAA-RD-80-47  (FAA-CT-80-18) ,  "Flight  Test 
Investigation  of  Loran-C  for  En  Route  Navigation  in  the  Gulf  of  Mexico." 
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The  Federal  Aviation  Administration  (FAA)  received  a  Navigation  System  Using  Time 
and  Ranging  (NAVSTAR)  Global  Positioning  System  (GPS)  Z-set  for  independent  test 
and  evaluation  after  this  receiver  was  acceptance  tested  aboard  a  United  States 
Air  Force  C-141  aircraft  over  the  Yuma  Proving  Ground  instrumented  range.  This 
report  describes  the  initial  familiarization  studies  conducted  by  the  FAA  in  a  twin 
turboprop  engine  Grumman  Gulfstream  with  the  Z-set  in  a  stand-alone  configuration. 
The  familiarization  studies  included  satellite  shielding  tests,  satellite 
acquisition/reacquisition  tests,  nonprecision  approaches  to  five  east  coast  airports, 
and  operations  in  high  noise/radiofrequency  interference  (RFI)  environments  (over 
airports,  cities,  and  television  towers). 
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This  report  describes  Federal  Aviation  Adminiatration  (FAA)  acceptance  teats  on  the 
Navigation  System  Using  Time  and  Ranging  (NAVSTAR)  Global  Positioning  System  (GPS) 
Z-set  receiver  which  were  conducted  in  a  United  States  Air  Force  (USAF)  System 
Command  C-141  aircraft  over  the  instrumented  range  located  at  the  Yuma  Proving 
Ground.  The  Yuma  laser  tracking  system  computed  a  reference  trajectory  against  which 
the  GPS  receiver  solution  was  compared.  Data  from  five  flights,  totaling  over  6 
hours,  are  presented  with  the  objective  of  assessing  Z-set  capabilities  to  meet  civil 
aviation  requirements  for  nonprecision  approaches. 
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The  purpose  of  this  task  was  to  develop  a  3D  Loran-C  Navigator  by 
configuring  an  interface  unit  between  an  airborne  Loran-C  navigator  (Teledyne 
TDL-711)  and  an  Altitude  Alerter/VNAV  Guidance  system  (Intercontinental 
Dynamics  model  541).  The  digital  computer-based  Interface  unit  was  designed  to 
allow  the  flight  crew  to  specify  the  approach  slope  (3.0  to  9.9  degrees). 

This  report  documents  the  hardware  and  software  in  the  Interface  unit,  and 
interconnection  with  the  other  involved  systems. 

The  availability  of  accurate,  three-dimensional  approach  guidance 
information  at  airports  where  no  ILS  is  available  provides  significant 
operational  advantages,  to  helicopter  operators  in  particular.  The  3D  Loran-C 
navigator  system  was  bench  tested  and  flight  demonstrated.  Smooth,  accurate 
(within  the  limitations  of  Loran-C)  descent  guidance  information  was  obtained. 


•  7.  Key 

INSTRUMENT  APPROACH,  LORAN-C, 
PRECISION  APPROACH,  3D  NAVIGATION, 
VNAV,  MICROCOMPUTER  APPLICATIONS 


IB.  Distribution  Stotomont 

This  document  is  available  to  the  U.S. 
public  through  the  National  Technical 
Information  Service,  Springfield, 
Virginia  22161. 


19.  Security  Close*  f .  (of  this  ropo*»| 

UNCLASSIFIED 


20.  Soou'ify  CUssif.  (of  this  goge) 

21*  No.  of  Pogoe 

UNCLASSIFIED 

60 

•#*rl  N«. 


DOT/FAA/RD-82/24 


4.  T«tU  «*4  Subtitl* 


I.  Grmiwwit  Acctnitn  H#. 

AD-A123U65 


Teckaicel  Iliptrt  DkvmrMImi  Pag* 


9.  •  Cfttitf  Hi. 


LORAN-C  EN  ROUTE  ACCURACIES  IN  THE  CENTRAL 
APPALACHIA  REGION 


7.  A.  *♦>»»' a) 

Frank  Lorge 


9.  7ti4min|  0<f«nia«*i*n  ham  and  AM>tia 

Federal  Aviation  Administration 
Technical  Center 

Atlantic  City  Airport,  New  Jersey  08405 


12.  SaMitfinf  Af.i'cy  Mama  and  Addraaa 

U.S.  Department  of  Transportation 
Federal  Aviation  Administration 
Systems  Research  and  Development  Service 
Washington,  D.C.  20590 


S.  Fatlantlai  Oifaniiahaa  Cad* 

ACT-100 


I.  Paata rminf  0>*a*f«e*ia«  Raff'*  Ma. 

DOT/FAA/ CT-82/32 


10.  Waak  Uail  Na.  (THAIS) 


II.  UitrKt  tf  Grant  Hi. 

045-390-130 


13.  Typi  if  ftipi#«  mni  Pmtfd  Cwfd 

Final  Report 
April  1980 


4.  SpMiiriAf  Af#ficy  C*4« 


16.  Akiiftct 


Flight  tests  were  conducted  in  the  central  Appalachian  Region  of  the  United  States 
to  measure  en  route  Loran-C  position  accuracies  at  low  altitudes  in  mountainous 
terrain.  Receivers  were  configured  to  use  the  Northeast  and  Great  Lakes  Chains  of 
Loran-C  transmitters  during  the  flights  while  position  information  and  receiver 
status  were  recorded.  Comparisons  were  made  between  each  of  the  recorded  Loran 
positions  and  position  information  derived  from  the  Inertial  Navigation  System. 
The  results  were  compared  against  Advisory  Circular  (AC)  90— 45A  accuracy  criteria 
for  the  en  route  phase  of  flight.  It  is  concluded  that  both  the  Northeast  United 
States  Chain  and  the  Great  Lakes  Chain  meet  AC  90-45A  en  route  accuracy  criteria 
over  the  entire  flight  test  area. 
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16.  Abstract 


This  report  identifies  ways  In  which  the  Microwave  Landing  System  (MLS)  can 
be  utilized  to  aid  helicopter  operations.  Consideration  is  given  to  the  following 
study  areas: 

-  helicopter  Instrument  approach  requirements  by  type  of  operation 

-  helicopter  Instrument  approach  requirements  by  operational  area 

-  types  of  potential  approach  procedures  that  could  be  used  by  helicopters 

-  helicopter  performance  considerations  during  approach,  landing  and 

missed  approach  procedures 

-  ground  and  airborne  MLS  equipment 

-  benefits  and  costs  associated  with  the  use  of  MLS  In  helicopter  operations 

The  operational  areas  considered  in  the  study  are:  city  centers,  major  hub  airports, 
non- hub  airports,  remote  areas,  and  offshore  oil  rig  support.  MLS  procedures  can 
be  applied  to  each  of  these  operational  areas.  From  an  economic  standpoint, 
operations  at  city  center  heliports,  major  hub  airports,  non-hub  airports,  and 
remote  areas  will  have  benefits  that  exceed  costs  if  operations  counts  are 
sufficiently  large.  Offshore  operations  will  not  have  benefits  that  exceed  costs 
due  to  the  availability  of  alternative  approach  procedures. 
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This  report  contains  the  description  and  results  of  a  Loran-C  flight  test 
program  conducted  in  the  State  of  Alaska.  The  testing  period  was  from  August  1982 
to  September  1982.  The  purpose  of  the  flight  test  was  to  identify  applicable 
Loran-C  accuracy  data  for  the  Alaskan  air  taxi  and  light  aircraft  operators  so 
that  a  Supplemental  Type  Certificate  (STC)  can  be  issued  in  the  Alaska  Region  for 
the  Loran-C  system  tested  (Teledyne  TDL-711). 

Navigation  system  errors  were  quantified  for  the  Loran-C  unit  tested.  The 
errors  were  computed  from  knowledge  of  position  calculated  from  ground  truth  data 
and  the  indicated  position  of  the  navigator.  Signal  coverage,  bias  and  flight 
technical  error  data  were  also  obtained.  Multi lateratlon  ground  truth,  photographic 
ground  truth,  and  data  acquisition  systems  were  carried  aboard  the  test  aircraft. 

The  tests  were  concentrated  In  the  southwest  part  of  the  Alaskan  mainland. 

An  interconnecting  network  of  routes  west  of  Anchorage  and  south  of  a  line  from 
Fairbanks  to  Kotzebue  were  flown  for  data  collection.  Of  particular  Interest  was 
the  area  around,  and  to  the  west  of.  Bethel  where  there  are  currently  very  few  aids 
to  air  navigation. 

The  No’-th  Pacific  Loran-C  chain  with  stations  at  St.  Paul  Island  (Master), 

Port  Clarence  (Yankee)  and  Narrow  Cape  (Zulu)  was  used  in  this  area.  Test  results 
indicate  that  Loran-C  has  sufficient  signal  coverage  and  accuracy  to  support  aircraft 
enroute  navigation  in  much  of  the  test  area.  In  the  area  around  Anchorage  the  test 
unit  failed  to  consistently  acquire  and  track  the  signal,  however.  Further  analysis 
of  trie  data  and  testing  are  required  in  the  Anchorage  area. 
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This  report  Is  a  compilation  of  general  aviation  safety  reoearch  issues  extracted 
and  summarized  from  recent  studies  conducted  by  the  Federal  Aviation  Administration 
(FAA),  other  government  agencies,  and  the  aviation  industry.  It  offers  an  overview 
of  conclusions  and  recommendations  that  highlight  current  and  future  problem  areas 
in  general  aviation.  The  report  addresses  the  expressed  needs  as  defined  by  these 
studies  which  counsel  research  and  development  relevant  to  the  interrelationships 
of  man,  machine,  and  environment  to  effectively  improve  the  general  aviation  safety 
record. 
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A  Federal  Aviation  Administration  (PAA)  research  program  is  presented  to  identify 
the  aircraft  icing  problem  and  discuss  the  methodology  and  resource  requirements 
planned  to  resolve  them.  Tnis  program  plan  is  divided  into  three  subprogram  areas: 
(1)  Atmospheric  Criteria  —  The  development  of  meteorological  Icing  certification 
criteria  to  permit  safe  flight  operations  for  all  types  of  aircraft  in  all  types  of 
icing  conditions;  (2)  Procedures  and  Technology  —  The  development  of  technical 
data  necessary  to  enhance  certification  and  operational  use  of  advanced  ice  protection 
concepts;  (3)  Simulation  Techniques  —  The  use  of  computer  and  facility  icing 
tion  tecnnology  to  enhance  the  certification  process.  All  program  efforts  described 
fall  into  the  area  of  regulatory  development  and  technical  support. 

Heavy  reliance  is  placed  on  cooperative  efforts  with  other  government  agencies  with 
expertise  and  icing  facilities. 
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variables  aM:  1 ica"  lc  to  low  altitude  aircraft  icing  studies.  Half  of  the  data  it 
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|  Committee  for  Aeronautics  (NACA)  in  1946-50.  The  other  half  is  from  recent 

»ir.u  r  t.-.e  lesuiu.  iMig.its  uy  the  Naval  Research  Laboratory  and  other  organization.-  , 
mostly  over  the  conterminous  United  States  (CONUS)  and  nearby  offshore  areas.  The 
Data  Base  includes  liquid  water  content  (LWC) ,  cloud  droplet  median  volume  diameter 
i :  „<  ouls.ui  air  temperature  (OAT),  horizontal  extent  and  altitude  of  uniforr 
clcu..  interval.;  as  well  as  information  on  cloud  type,  weather  conditions,  date  and 
geographic  location,  and  other  data. 

A  variety  of  analyses  are  illustrated  which  yield  these  principal  conclusions: 
The  NACA  and  mndcr:-  CONUS  measurements  generally  agree  in  most  aspects  for  sim.ilai 
amounts  of  data  in  similar  cloud  and  weather  conditions.  The  Intermittent 
Maximum  and  Continuous  Maximum  "envelopes"  in  the  Federal  Aviation  Regulations. 

Part  23  (FAk-25),  Appendix  C,  do  not  correctly  describe  the  icing  environment  for 
altitudes  up  to  10,000  feet  AGL.  The  average  ice  accretion  rate  appears  to  be  inde¬ 
pendent  of  altitude  between  2000  and  10,000  feet  AGL. 
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Icing  envelopes  wuicti  effectively  ciiaracterize  supercooled  clouds  from  ground  level  to; 
lU.UC'U  feet  above  ground  level  over  the  conterminous  United  States  have  been  generated  j 
iron  a  new  aata  base  or  aerial  observations.  Tnis  data  base,  recently  established  via  ' 
an  Interagency  Agreement  between  tne  FAA  and  the  Naval  Researcn  Laboratory  is  the  j 
largest,  most  significant  compilation  of  low-altitude  supercooled  characteristics, 
cur  rent  1/  in  existence.  It  is  intended  that  this  new  characterization  serve  as  a  ; 
oasis  tor  the  establishment  of  design  criteria  and  regulations  that  pertain  to  ice  j 
;  protection  systems  and  equipments  for  low  performance  aircraft  which  typically  j 
operate  below  10,000  feet.  This  new  characterization  groups  the  supercooled  cloud  ’ 
properties  tor  all  cloud  types  observed  into  three  temperature  ranges  and  presents  . 
their  associated  values  of  liquid  water  content  (LWC1,  range  of  median  volume  droplet  ; 
diameters  (;iVD),  and  icing  event  duration.  Details  of  Che  analysis  process  are 
discussed  which  use  a  least  squares  logarithmic  regression  estimation  technique  to 
predict  the  extreme  values  of  supercooled  cloud  properties. 
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This  report  contains  the  description  and  results  of  a  Loran-C  flight  test  program 
conducted  in  the  continental  United  States  (CONUS).  The  data  collection  period  was 
during  July  1983.  The  purpose  of  the  program  was  to  collect  Loran-C  aignal  covorag* 
and  accuracy  data  representative  of  low  altitude,  low  speed  operations  typical  of 
helicopters  and  general  aviation  aircraft. 

The  teat  aircraft  used  was  a  Beechcraft  Quean  Air,  Model  65.  The  aircraft  was 
configured  with  a  data  collection  palate  and  multipin  electrical  connectors  located 
in  the  aircraft  cabin.  A  Teledyne  TDt-711  navigation  receiver  was  used  in  the  test, 
utilizing  an  B-field  antenna  mounted  on  the  top  of  the  fuselage.  A  microprocessor 
controlled  data  collection  system,  utilizing  a  scanning  TIME  and  other  aircraft 
navigation  lnatruments,  was  used  to  record  data  and  establish  aircraft  reference 
position. 

Route  segments,  totaling  over  9500  nra  covering  much  of  CONUS,  were  flown  during  the 
project.  Data  were  recorded  on  all  route  segments.  Over  12,000  data  points  were 
used  in  the  accuracy  analysis.  Calibration  procedures,  used  at  five  locations, 
reduced  errors  throughout  an  area  within  a  75  nm  radius  of  the  calibration  point. 
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Rotorcraft  operating  characteristics  may  require  a  collision  avoidance  systea  to 
perform  a  substantially  different  function  than  la  provided  to  conventional  fixed 
wing  aircraft  by  Traffic  Alert  and  Collision  Avoidance  System  (TCAS)  I  or  the  Minimum 
TCAS  II.  This  paper  has  been  prepared  to  provide  analysis  of  environmental  conditions 
and  operational  characteristics  of  near  mid-air  collision  situations  Involving 
rotorcraft.  The  analysis  is  Intended  to  provide  data  in  establishing  preliminary 
human  factors  and  procedural  design  requirements  for  a  rotorcraft  collision  avoidance 
system.  The  information  should  be  used  to  establish  TCAS  Rotorcraft  Program 
experimental  requirements. 
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This  test  plan  describes  a  series  of  tests  that  will  be  conducted  over  the 
next  several  years  to  evaluate  Global  Positioning  System  (GPS)  receivers  in 
different  phases  of  navigation,  different  physical  situations,  and  environmental 
conditions.  The  test  plan  will  consist  of  a  number  of  detailed  test  descriptions 
that  will  be  incorporated  into  the  plan  as  the  GPS  test  program  continues  and 
the  need  arises. 
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this  flight  test  plan  describes  the  methodology  for  determining  an  optimum 
azimuth  and  elevation  course  width  for  Microwave  Landing  System  (MLS) 
approaches  to  a  collocated  MLS  installation  at  a  heliport.  The  flights  will 
be  conducted  at  the  Federal  Aviation  Administration  (FAA)  Technical  Center, 
Atlantic  City  Airport,  New  Jersey,  using  a  UH-1H  helicopter.  This  effort  will 
provide  a  data  base  for  determining  the  course  width  to  be  utilized  in  future 
helicopter  MLS  flight  test  activity  scheduled  to  be  conducted  at  the  Technical 
Center.  The  data  collection  and  data  reduction  and  analysis  of  the  flight  test 
data  are  discussed,  and  a  schedule  for  the  completion  of  the  associated  tasks 
is  presented. 
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This  flight  test  plan  describes  the  methodology  for  a  data  collection  flight  test 
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using  the  Center's  Sikorsky  S-76  helicopter.  This  effort  will  provide  a  data  base 
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data  reduction  and  analysis  of  the  flight  data  are  discussed.  A  schedule  for  the 
completion  of  the  associated  tasks  is  presented. 


If,  Oiftlnbv*«»n  Junm*a» 

Document  is  on  file  at  the  Technical 
Center  Library,  Atlantic  City  Airport, 
New  Jersey  08405 


•f  k  '■  ')  i,  o»».i  I  p  I  ikt 

Unclassified 


30.  SmcvMiy  { o (  »K.  i  f 

Unclassified 


' )  •  Ho  o  *  P  •  } .  i 

55 


VK 


aU  i 


.  Report  No. 


2.  C«v»rnmtn>  Accotaie*  No. 


00T/FAA/PM-84/22 


AD-Al  1*8137 


4.  Title  mnd  SebfttJe 


HELIPORT  SNOW  AND  ICE  CONTROL 
METHODS  AND  GUIDELINES  1 


7.  Avtbor'a) 


J.B.  McKinley  and  R.B.  Newman 


9.  Performing  Organisation  Noma  on 4  A44ros» 

Systems  Control  Technology  Inc. 

2326  So.  Congress  Avenue,  Suite  2-A 
West  Palm  Beach,  Florida  33406 


Technical  Report  Docwmontatioo  hjo 


3.  Recipient  *  Catalog  No. 


3.  Report  Oat# 

August  1984 


A.  Performing  Organisation  Co4a 


0.  Performing  Organisation  Report  No. 


10.  Work  Unit  No.  (TRAIS) 


11.  Contract  or  Grant  No. 

DTFA01-80-C- 10080 


13.  Tjrp.  ,1  Rop.M  on,  P,ii,|  Cwtnl 


12.  Span, 


.  N*m*  *n i  Add'*,, 


U.S.  Department  of  Transportation 
Federal  Aviation  Administration 
800  Independence  Avenue,  S.W. 
Washington,  D.C.  20591 


15.  Swpglomentory  Notes 


Final  Report 


14.  Sponsoring  Agency  Ce4e 

APM-720 


Guidelines  for  snow  and  ice  control  on  heliports  are  presented  for  the 
purpose  of  both  enhancing  the  operational  utility  of  heliports,  and  employing 
the  unique  capabilities  of  the  rotorcraft  to  the  maximum  extent.  These 
guidelines  consider  manual  methods  of  snow  and,  ice  control  such  as  plowing 
and  chemical  application,  and  automated  methods  through  pavement  heating 
systems.  Cost  and  design  considerations  are  provided  for  each  system. 
Benefit/cost  decision  guidelines  are  provided  with  estimated  annual  operating 
cost  data  for  32  U.S.  cities,  and  six  snow  and  ice  control  methods.  In  addition, 
selection  guidelines  provide  a  methodology  to  assist  heliport  planners  and 
designers  with  the  selection  of  the  most  appropriate  snow  and  ice  control  system. 


‘  Y  *  * 

HELIPORT 

SNOW 

ICE 

DEICING  CHEMICALS 
PAVEMENT  HEATING  SYSTEMS 


19.  Secwhty  Clettif.  (of  fO|MKl) 

Unclassified 


r»r«  DOT  f  1700.7  (I-7J) 


II.  Di,«rikuti*n 

This  document  is  available  to  the  U.S. 
Public  through  the  National  Technical 
Information  Service,  Springfield, 
Virginia  22161. 


Sacwflty  CI,«,H.  (•*  *W»  ,*••) 

Unclassified 


ftaarafactlan  *f  e*mpt*»*a  P*fl«  *«tK*rli*l 


r. 


i.  k>po«i  No. 


DOT / f  AA/ PM-04/23 


AD-Allt8967 


4  TiO*  and  Swbii Ho 


Structural  Design  Guidelines  for  Heliports 


3  Av’Hos'*) 


Technical  Report  Documentation  Poje 


3.  R«opi«nt '%  Catalog  Na. 


$.  Rtooti  Dot# 

October  24,  1984 


6.  ParlafMing  0«g«#ii sat* on  Co4o 


8.  P«'U'<",nf  Oi|onit«ii»n  R*po»'  No 


10.  Wark  Unit  N#  (TRAIS) 


11.  Ctfttttci  o*  G<o*«  No. 

A01-80-10C80 


13.  TfM  ol  Rogor»  and  P«r.od  Covorod 

Final  Report 
12/5/83  -  9/10/84 


14.  Sponsoring  Agoncy  Codo 

APM-740 


C. W. Schwartz ,  M.W.Witczak,  and  R.B. Leahy 


9.  Otgoni  lation  Noao  Ond  AddrotO 

Department  of  Civil  Engineering 
University  of  Maryland 
College  Park,  MD  20742 


12  Spontoong  Agtney  Noma  ond  Add'OSt 

U.s.  Department  of  Transportation 
Federal  Aviation  Administration 
Program  Engineering  &  Maintenance  Service 
Washington,  D.C.  20591 


IS  Swoolomontary  No*0» 

Contract  to:  Systems  Control  Technology,  Inc. 

2326  S.  Congress  Ave.,  Suite  2- A 
West  Palm  Beach,  Florida  33406 


14  Abstract 

Current  structural  design  guidelines  for  heliports  are  analyzed  using  data 
obtained  from  the  literature  and  from  surveys  of  helicopter  manufacturers ,  heli¬ 
port  design  consultants,  and  heliport  operators.  Primary  topics  of  interest  in 
these  analyses  are  the  loads  on  heliport  structures  caused  by  helicopter  hard 
landings,  rotor  downwash,  and  helicopter  vibrations.  A  new  analysis,  based  on 
reliability  theory,  is  proposed  for  determining  the  helicopter  hard  landing  load 
magnitudes  appropriate  for  structural  design.  Results  from  this  analysis  indicate 
that  the  current  FAA  heliport  structural  design  guidelines  are  adequate  for  medium 
to  high  volume  heliports  and  conservative  for  low  volume  facilities.  Additional 
analyses  indicate  that  rotor  downwash  pressures  and  helicopter-induced  vibrations 
are  not  critical  loading  conditions  for  most  heliport  structures.  Guidelines  for 
appropriate  load  combinations  for  heliport  structural  design  are  also  presented. 


•  ©'*»  18.  Dft»r*Wt>on 

Heliports;  Landing  Loads;  Gear  Loads;  This  document  is  available  to  the  U.S. 
Helicopter  Downwash;  Helicopter  Vibra-  public  through  the  National  Technical 
tons  Information  Service,  Springfield,  Vir¬ 

ginia  22161. 


II-  Sfcur.fy  Clo,,if.  (of  *h.%  .•purl) 

Unclassi fied 

\m.7d0T  F  1700.7 


20.  Wcw'.'y  CUiuC  (•<  '*>'• 

Unclassified 

RiyitAicliM  af  camgtatatf  paga  awlKarliaW 


21.  Na.  a*  Itfti  T  ;j  P«it» 


1.  R»p©’*  No 


:  o 


Technical  Rapci  Documentation  Page 
3.  R#op'#M‘g  Co'o^g  N«.  1 


l 


! 


i 

» 

! 


I 


i 

\ 

\ 

■ 


)•  Grp©'*  No  2  Government  Accm  tn  No. 

DOT/FAA/PM-84/25  AIj-A1  53512 

3.  C«*o)op  No. 

4  7  i  tit  9*4  ivfc  ».il# 

EVALUATING  WIND  FLOW  AROUND  BUILDINGS  ON  HELIPORT 

PLACEMENT 

S.  Repo”  Dot# 

November  1984 

6.  Performing  0*gor<|e1ion  Co  dr 

1.  P •  * f©*m«ng  Oigoni|«fion  Report  No. 

7  Aw’tior'gl 

J.B-  McKinley 

9.  e«.  tptrr  .rtf  0*(O*S0*>cr  Norn#  d 

Systems  Control  Technology,  Inc. 

Champlain  Technology  Industries  Division 

2326  South  Congress  Avenue,  Suite  2-A 

West  Palm  Beach,  Florida  33406 

10.  »orl  Un.t  No.  (TftAIS) 

1).  C©n*'CCt  O’  G»on»  No. 

DTFA01-S0-C-10C80,  Med. 31 

U  t rp,  el  Rtpo.i  9*4  Pf.* 4  C©» •iid 

Final  Report 

Sept.  1983  through  Aug.  1984 

12  Sponsoring  Agency  No**#  »nd  Add*# 

U.S.  Department  of  Transportation 

Federal  Aviation  Administration 

Program  Engineering  &  Maintenance  Service 

Washington,  D.C.  20591 

Id.  Sponsoring  Agency  Code 

APM-720 

15.  Swpp  l#m*n!ory  Not## 

16  Ab»i*oc« 

This  report  presents  a  heliport  wind  assessment  methodology  for  evaluating 
and  potentially  minimizing  the  Influences  of  building-induced  wind  on  heliport 
operations. 


Descriptions  and  illustrations  of  wind  flow  patterns  and  characteristics  for 
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If.  Abstract 

This  report  documents  a  series  of  tests  designed  to  provide  recommended  range  of 
locations  for  a  landing  pad  which  would  be  satisfactory  sites  for  Microwave  Landing 
Systems  (MLS)  precision  heliport  approaches  during  instrument  meterological  conditions 
(IMC)  for  minimally  equipped  helicopters.  The  dependent  variable  for  this  experiment 
was  deceleration  distance  and  the  independent  variables  were  decision  height  (DH), 
range  rate,  and  elevation  angle.  Twenty-eight  data  flights,  using  56  flight  hours  and 
eight  subject  pilots  to  complete,  were  conducted  at  the  Federal  Aviation 
■Administration  (FAA)  Technical  Center  parallel  to  runway  13/31.  The  subject  pilots 
were  required  to  fly  hooded,  Inbound  125®  or  310?  azimuth,  through  elevation  angle 
capture  and  DH,  to  a  visual  deceleration  landing  to  full  stop.  Real  estate 
availability  was  not  considered  as  a  constraint  in  this  study.  The  data  show  that  as 
the  elevation  angle  to  a  desired  DH  is  increased,  an  angle  will-  be  reached  which 
requires  that  the  antenna  system  be  moved  from  a  location  adjacent  to  the  helipott  to 
a  location  in  front  of  the  heliport.  This  separation  distance  increases  as  a  function 
of  increasing  elevation  angle  (i.e.,  the  helicopter  must  fly  past  the  MLS  antenna  to 
reach  the  heliport).  For  a  given  elevation  angle,  as  the  DH  is  decreased,  a  DH  will 
be  reached  which  requires  that  the  MLS  antenna  again  be  moved  from  a  location  adjacent 
to  the  heliport  to  locations  in  front  of  the  heliport.  This  separation  increases  in 

[distance  as  a  function  of  decreasing  decision  height.  In  situations  where  real  estate 
i 3  limited,  steeper  angle  approaches  and  lower  minima  could  be  obtained  by  increasing 
.  the  t’pabilities  of  the  aircraft  and/or  the  crew. 
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16.  Abstract 


A  review  was  conducted  of  U.S.  civil  helicopter  accidents  occurring 
between  1974  and  1978  to  determine  impact  conditions  and  injuries 
to  the  occupants.  This  report  describes  the  distribution  of  impact 
conditions.  Also,  six  typical  impact  scenarios  were  developed  to 
represent  classes  of  accidents.  A  rank-ordered  analysis  of  crash 
hazards  is  presented.  The  report  also  contains  an  evaluation  of 
computer  techniques  available  for  structural  crash  dynamics  simula¬ 
tion  and  a  comparison  of  the  civil  and  military  helicopter  crash 
environments.  Recommended  crashworthiness  design  criteria  for  civil 
rotorcraft  are  presented. 
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This  report  describes  the  results  of  «n  Inflight  evaluation  of  azimuth  (AZ)  and 
elevation  (EL)  course  widths  associated  with  a  Microwave  Landing  System  (MLS) 
approach  to  a  helipad.  The  flight  test  data  were  recorded  during  straight-ln 
precision  approaches  using  raw-data  course  guidance  information  to  fly  3*,  6*,  and  9s 
elevation  angles  to  a  collocated  MLS  sited  at  the  helipad.  The  flight  test  was 
conducted  in  an  Army  UH-1H  helicopter  provided  through  an  Army/Federal  Aviation 
Administration  (FAA)  Interagency  agreement.  The  purpose  of  this  program  was  to 
determine  an  optimum  course  width  for  future  flight  test  evaluations  of  MLS  at  the 
Technical  Center. 

The  data  analysis  demonstrated  that  the  optimum  azimuth  course  width  for  an  approach 
to  an  MLS  collocated  at  the  helipad  is  between  +3.25*  and  +3.75*  that  the  optimum 
elevation  course  width  is  the  magnitude  of  the  selected  elevation  angle  divided  by  3 
(EL/3).  This  document  describes  the  flight  test  facilities,  methodology,  and 
presents  an  analysis  of  the  flight  test  data. 
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This  report  documents  the  results  of  helicopter  nonprecision  approaches  using  second 
generation  Loran  C  receivers.  The  approaches  were  made  to  five  airports  in  the 
Northeast  Corridor.  Six  different  Loran  C  receivers  were  used  throughout  the  study. 
Results  of  this  study  were  comparable  to  previous  Loran  C  helicopter  nonprecision 
Area  Navigation  (RNAV)  approaches  idlieh  were  flown  in  the  Northeast  Corridor.  When 
the  receivers  were  area  calibrated  the  navigation  systems  crosstrack  error  and 
along'treck  error  met  requirements  of  Advisory  Circular  (AC)  90-45A.  Additionally, 
the  flight  technical  error  which  results  when  Loren  C  approaches  are  made  with  a 
helicopter  met  requirements  of  AC  90-45A. 
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An  Automated  Weather  Observing  System  (AWOS)  will  be  installed  at  the  Federal 
Aviation  Administration  (FAA)  Technical  Center's  interim  Concept  Development 
Heliport,  Atlantic  City  Airport,  New  Jersey.  This  teat  plan  describes  the 
methodology  for  installation  and  determination  of  optimum  siting  of  an  AWOS  at  a 
heliport.  The  resulting  siting  and  installation  criteria  will  be  incorporated  in 
DOT/ FAA  Order  6560,  "Installation  and  Siting  Criteria  for  Automated  Weather  Observing 
System  (AWOS),"  paragraph  14,  irfiich  has  been  reserved  for  applicable  heliports.  Data 
collection,  reduction,  and  analysis  of  test  data  are  discussed  and  a  schedule  for 
completion  of  tasks  is  presented. 
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This  report  documents  the  Federal  Aviation  Administration  (FAA)  Techical  Center's 
Helicopter  Terminal  Instrument  Approach  Procedures  (TERPS)  project.  This  project  was 
undertaken  in  response  to  the  Aviation  Standards  National  Field  Office  (AVN)  to 
provide  data  for  use  in  streamlining  and  updating  chapter  11  of  the  TERPS  manual. 

Data  were  collected  for  Instrument  Landing  System  (ILS)  and  very  high  frequency 
omni-directional  radio  range  (VOR)  precision  and  nonprecision  approaches.  Data 
collection  was  performed  using  helicopters  from  various  weight  classes. 

After  the  data  were  collected,  it  was  reduced  and  formatted  and  forwarded  to  AVN  for 
analysis  and  use  in  the  updating  of  helicopter  TERPS  criteria. 
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14.  AOatroCf 

The  U.S.  Army  Aviation  Systems  Command  (USAAVSC0M)  conducts  airworthiness  qualification 
testing  on  aircraft  under  artificial  and  natural  icing  conditions.  A  JCH-67C  helicopter 
with  a  Helicopter  Icing  Spray  System  (HISS)  installed  is  used  for  generating  a  simulated 
natural  icing  environment.  The  artificial  icing  tests  are  followed  by  natural  icing 
tests  to  assure  a  wide  variety  of  flight  conditions  are  tested  and  to  verify  artificial 
icing  test  results.  The  JCH-67C/HISS  has  been  used  since  1976  for  conducting  research, 
engineering,  development,  and  qualification  testing  for  U.S.  Army,  U.S.  Navy,  NASA,  and 
various  contractor  aircraft.  The  USAAVSC0M  has  compiled  an  extensive  artificial  and 
natural  icing  test  data  base.  The  data  is  summarized  in  this  report.  Detailed  time 
histories  of  selected  natural  icing  encounters  have  been  provided  under  separate  cover 
to  the  Federal  Aviation  Administration  (FAA). 

This  report  documents  unclassified  U.S.  Army,  other  U.S.  Government  agencies,  and 
commercial  icing  test  programs.  Also  discussed  is  the  use  of  deice  and  anti-ice  systems 
the  impact  of  ice  accretion  and  shedding  characteristics,  performance  considerations, 
stability  and  control,  and  vibration  characteristics;  and  the  cloud  parameters  measure¬ 
ment  equipment  and  test  aircraft  instrumentation  used  for  documenting  test  data.  The 
test  methodology  and  requirements  used  for  qualifying  aircraft  for  flight  into  icing 
conditions,  instrumentation,  and  special  equipment  are  summarized,  and  the  details  for 
test  condu'  ted  are  contained  in  the  references.  The  report  documents  in  part  16  years 
of  U.S.  Army  experience  in  conducting  in-flight  aircraft  icing  tests  and  is  provided  to 
'''■<■  FAA  under  interagency  agreement  in  the  preparation  of  manuals  and  other  documents 
to  >Hr  certification  of  civil  aircraft  as  appropriate. 
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The  work  reported  in  this  document  was  performed  at  Lincoln  Laboratory,  a  center  for 
research  operated  by  Massachusetts  Institute  of  Technology,  under  Air  Force  Contract 
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A  specially  modified  version  of  the  Traffic  Alert  and  Collision  Avoidance 
System  (TCAS)  was  Installed  in  a  Bell  Long  Ranger  helicopter  in  order  to 
investigate  the  feasibility  of  TCAS  operation  in  rotorcraft.  This  installation 
employed  TCAS  air-to-air  surveillance  to  provide  automated  traffic  advisories 
that  were  displayed  in  the  cockpit  on  a  color  cathode  ray  tube  display. 

As  part  of  this  study,  12  subject  pilots  evaluated  the  utility  of  the 
installation  through  brief  test  flights  in  the  vicinity  of  a  major  airport. 

Among  the  topics  Investigated  were  the  rate  of  alarms,  the  computer  logic 
for  issuing  advisories,  the  bearing  accuracy,  and  the  display  symbology. 

Several  recommendations  for  adapting  TCAS  to  the  rotorcraft  environment  resulted 
from  the  testing. 
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flight  teat  of  a  TCAS  experimental  unit  (TEU)  in  a  compoaite  aircraft,  the  Sikorsky 
S-76,  are  deacribed. 
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u  s#o#f#«#^t#rT  Mataa^he  Heliport  MLS  Siting  Evaluation  program  was  conductec  jointly  by  the 
FAA  Technical  Center  and  the  U.S.  Army  Avionics  Research  and  Development  Activity 
(AVRADA)  through  FAA/AVRADA  Interagency  Agreement  DTFA01-80-Y -10530.  FAA  Technical 
Center  Project  Engineer  -  Scott  Shollenberger,  AVRADA  Project  Engineer / Pilot  - 
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This  report  documents  a  aeries  of  teats  designed  to  provide  a  recommended  range  of 
locations  for  a  Microwave  Landing  System  (MLS)  et  a  heliport  to  support  precision 
approaches  in  instrument  meterological  condition*  (IMC)  for  minimally  equipped 
helicopters.  An  objective  of  the  testa  was  to  achieve  the  lowest  practical  decision 
heights  (DH’s).  Eight  subject  pilots  completed  36  data  flights  totalling  67  hours 
of  flight  time.  The  subjects  flew  simulated  IMC  approaches  through  glidepach 
capture  and  DH,  to  a  visual  deceleration  landing  to  a  full  stop  at  the  Federal 
Aviation  Administration  Technical  Center  heliport.  Results  show  that  for  a  90-knot 
approach  (to  any  of  the  DH's)  the  separation  distance  between  the  collocated  MLS  and 
the  heliport  (i*e.,  the  MLS  in  front  of  the  helipad)  is  1400  feet.  For  a  60-knot 
approach  the  separation  distance  is  550  feet.  Data  also  illustrated  that  for  the 
90-knot  approaches  a  lateral  separation  of  the  inbound  course  centerline  from  the 
heliport  centerline  of  600  feet  la  satisfactory,  and  400  feet  is  the  maximum  lateral 
separation  for  60  knots.  Maximum  recommended  glidepath  angles  were  between  7°  and 
10*,  depending  on  approach  speed  and  DH. 
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This  report  describes  the  Helicopter  Microwave  Landing  System  (MLS)  Collocated  Flight 
Test  project  recently  completed  by  the  Guidance  and  Airborne  Systems  Branch  at  the 
Federal  Aviation  Administration  (FAA)  Technical  Center.  It  describes  the  flight  test 
facilities,  methodology,  and  addresses  topics  such  as  hov  flight  test  data  are 
collected  and  Its  application.  It  also  describes  each  of  the  helicopter  procedures 
flown  during  the  project  and  provides  an  analysla  of  the  pilot’s  subjective  opinions 
concerning  the  acceptability  and  workload  associated  with  these  procedures. 

It  was  concluded  that  subject  pilots  were  able  to  fly  single  pilot  raw  data  guided 
MLS  precision  approaches  at  elevation  (glldepath)  angles  ranging  from  3*  to  9*  to 
decision  heights  within  0.5  nml  of  the  helipad,  vhea  the  azimuth  angular  course  width 
was  set  to  +3.6*,  and  the  elevation  angular  course  width  was  set  to  the  magnitude  of 
the  selected  elevation  angle  divided  by  3  (SEL/3). 

The  data  presented  herein  also  suggests  that  some  pilot  training  on  the  techniques  of 
tracking  steep  glldepaths  and  the  importance  of  speed  control  for  precision 
approaches  to  a  helipad  are  required. 
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During  the  winter  and  spring  of  1985,  the  Federal  Aviation  Administration  (FAA) 

Eastern  Region  in  conjunction  with  the  Guidance  and  Airborne  Systems  Branch  at  the  J 
FAA  Technical  Center  conducted  a  demonstration  of  a  Microwave  Landing  System  (MLS) 
located  at  a  downtown  heliport* 

This  report  describes  both  the  industry/user  and  FAA  Technical  Center  activities 
during  the  evaluation  period.  It  describes  the  evaluation  methodology  and  addressas  ! 
topics  concerning  both  technical  and  operational  Issues.  It  also  describes  the 
helicopter  procedures  flown  during  this  evaluation  and  provides  an  analysis  of  signal 
coverage  and  the  user’s  subjective  opinions  concerning  the  acceptability  and  j 

perceived  workload  associated  with  these  procedures.  ! 

It  was  concluded  that  MLS  to  heliports  is  a  viable  asset  to  the  helicopter  Instrument 
Flight  Rules  (IFR)  community,  however,  its  full  benefits  may  not  be  realized  in  the 
Battery  Park/Wall  Street  area  without  revisiting  the  necessity  and  demand  for  the 
New  York  Terminal  Control  Area  (TCA)  Visual  Flight  Rules  (VFR)  operating  exclusion 
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Resulta  of  part  1  of  a  three-part  Traffic  Alert  and  Collision  Avoidance  System  (TCAS) 
evaluation  are  contained  in  this  report.  Part  l  evaluation  consisted  of  the 
installation  and  initial  checkout  of  a  TCAS  Experimental  Unit  (TEU)  in  a  Sikorsky 
S-76  helicopter. 

The  results  show  that  the  installation  was  verified  except  for  an  unintended 
15  decibel  (dB)  loss  in  the  top  mounted  antenna. 
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This  report  covers  the  design,  analysis,  sad  flight  teat  of  a  Computed  Centerline 
Microwave  Landing  System  (MLS).  This  system  enables  final  approaches  to  be  made  to 
runways  which  have  azimuth  units  offset  from  the  runway  centerline.  The  system  was 
successfully  flight  tested  at  the  Federal  Aviation  Administration  (FAA)  Technical 
Center,  Atlantic  City  Airport,  NJ,  and  at  the  Washington  National  Airport.  Hardware 
design  schematics  and  software  listings  are  included  in  addition  to  flight  test  data 
plots. 
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This  Technical  Note  describes  the  methodology  foe  data  collection  flight  tests  to 
determine  critical  area  boundaries  about  an  Microwave  Landing  System  (MLS)  facility 
in  which  unlimited  operations  could  degrade  signal  integrity  to  user  helicopters. 

Test  procedures,  data  collection,  and  data  reduction  and  analysis  are  discussed. 
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14.  Abstract 


This  report  contains  the  results  of  bench  tests  which  were  performed  on  the  Traffic 
Alert  and  Collision  Avoidance  System  (TCAS)  Experimental  Unit  (TEU)  delivered  by  the 
Massachusetts  Institute  of  Technology  (MIT)  Lincoln  Laboratory.  The  TEU  was  used  in 
the  Technical  Center's  helicopter  TCAS  flight  test  evaluation. 

The  results  show  that  the  TEU  was  functioning  as  designed. 
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SUMMARY/SOMMAIRE 

A  preliminary  flight  investigation  was  carried  out  to  highlight  deficiencies  of  helicopters 
handling  qualities  when  performing  low  speed  instrument  approaches.  Steep  decelerating  MLS 
approaches  to  a  decision  height  of  50  feet,  simultaneously  decelerating  to  20  knots,  were  per¬ 
formed  in  the  NAE  Airborne  Simulator,  a  variable-stability  Bell  205A  helicopter. 


Tracking  performance,  in  terms  of  height,  azimuth  and  speed  errors  was  of  an  accept¬ 
able  standard,  but  pilot  workload  was  extremely  high,  especially  during  the  overshoot  phase. 
Benefits  of  different  levels  of  control  system  augmentation  were  not  readiiy  apparent  in  this 
high  workload  environment. 

In  view  of  the  results  of  this  investigation,  a  follow-on  program  is  proposed  where 
further  attempts  will  be  made  to  determine  the  effects  of  display  and  control  sophistication  on 
pilot  workload  during  slow-speed  helicopter  instrument  procedures. 
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This  report  describes  test  procedures  and  results  of  a  series  of  tests  designed  to 
identify  microwave  landing  system  (MLS)  heliport  flight  inspection  procedures.  The 
tests,  conducted  in  November  1985,  demonstrated  the  feasibility  of  using  a  helicopter 
to  perform  some  portion  of  the  flight  inspection  of  the  MLS  at  heliports. 
Significant  findings  included  the  fact  that  radio  theodolite  techniques  could  be  used 
for  tracking  a  helicopter  not  equipped  with  stability  augmentation  equipment. 
Constituent  parts  of  a  portable  flight  inspection  package  were  also  identified  and 
tested. 
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16  Abstract 


In  order  to  take  full  advantage  of  the  helicopter's  unique  flight 
characteristics,  enhanced  terminal  Instrument  procedures  (TERPS)  need 
to  be  developed  for  a  variety  of  non-standard  operational  situations. 

These  include  non-standard  landing  navigation  aids,  precision  and  non¬ 
precision  approach  profiles,  landing  sites,  and  avionics  systems. 
Currently,  TERPS  criteria  are  largely  established  by  extensive  flight 
testing.  This  study  examined  the  requirements  for  using  helicopter 
cockpit  simulators  In  place  of  flight  testing  to  generate  data  necessary 
for  enhanced  TERPS  development.  Specifically,  this  report  Identifies 
and  defines  which  parts  of  TERPS  may  be  evaluated  with  the  present  state 
of  the  art  in  simulator  technology.  The  report  also  recommends  a  test 
plan  for  benchmark  simulator-based  TERPS  evaluation  of  standard  ILS 
and  MLS  approaches  using  NASA  Ames  helicopter  simulators.  Included 
as  part  of  this  investigation  were  a  survey  and  summary  of  the  current 
state  In  modeling  of  navigation  systems,  environmental  disturbances 
and  helicopter  dynamics  plus  visual  and  motion  simulation;  these  summaries 
are  included  as  appendices. 
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Current  approved  terminal  Instrument  procedures  (TERPS)  do  not 
permit  the  full  exploitation  of  the  helicopter's  unique  flying 
characteristics.  Enhanced  TERPS  need  to  be  developed  for  a  host 
of  non-standard  landing  sites  and  navigation  aids.  Precision  navigation 
systems  such  as  MLS  and  GPS  open  the  possibility  of  curved  paths, 
steep  glide  slopes,  and  decelerating  helicopter  approaches.  This 
study  evaluated  the  feasibility,  benefits,  and  liabilities  of  using 
helicopter  cockpit  simulators  In  place  of  flight  testing  to  develop 
enhanced  TERPS  criteria  for  non-standard  flight  profiles  and  navigation 
equipment.  Near-term  (2-5  year)  requirements  for  conducting  simulator 
studies  to  verify  that  they  produce  suitable  data  comparable  to 
that  obtained  from  previous  flight  tests  are  discussed.  The  long¬ 
term  15-10  year)  research  and  development  requirements  to  provide 
necessary  modeling  for  continued  simulator-based  testing  to  develop 
enhanced  TERPS  criteria  are  also  outlined. 
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aircraft  will  have  Loran  receivers  and  an  interface  unit' that  will  convert  Loran 
derived  position  to  a  LOFF  message  which  will  then  be  transmitted  by  VHF  radio. 
Equipment  will  be  installed  in  Houston  Center  which  will  convert  this  LOFF  message  for 
input  to  the  enhanced  direct  access  radsr  channel.  Target  information  will  then  be 
displayed  conventionally  on  a  controller's  plan  view  display. 

The  testing  described  in  this  plan  will  verify  operation  and  aeaaure  accuracy  of  the 
converter  unit.  Flight  tests  will  also  be  conducted  to  determine  the  VHF  coverage 
area  and  performance  of  the  LOFF  system  in  areas  of  rsdar  overlap. 
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This  document  describes  the  work  performed  to  determine  whether  an  electroluminescent 
(E-l)  panel  heliport  lighting  system  possesses  sufficient  potential  to  warrant  a  full- 
scale  evaluation  at  the  Federal  Aviation  Administration  (FAA)  Technical  Center. 

Flight  testing  was  conducted  using  the  FAA's  S-76  helicopter  to  fly  approaches  to 
and  orbits  around  the  60-foot  E-L  helipad. 

Results  of  the  flight  testing  showed  that  the  E-L  system  has  insufficient  intensity 
and  inadequate  cut-off  angle  to  support  nighttime  helicopter  operations  and  there¬ 
fore  does  not  warrant  further  evaluation  at  the  Federal  Aviation  Administration  (Faa) 
Technical  Center. 


18.  Distribution  Statement 


Electroluminescent 
He  1 i port 


v  <  ti  •  s  i  f .  (of  Ait  report) 

Unclassified 


Document  is  on  file  at  the  Technical 
Center  Library,  Atlantic  City  Airport, 
New  Jersey  08405 


20.  Security  Ctoiftif.  (of  thi  1  pogo) 

21*  No.  of  P  igti 

Unclassified 

8 

2.  Acca»a<»*  N%. 

AD-A170T93 


l  M#. 

DOT/FA’v/PM-86-25,I 


Ti ft* 

Aircraft  Avionics  Suitable  for  Advanced  Approach 
Applications  Vol.  I  -  Aircraft  Fleet  Equipage 


Stanley  Kowalski,  Thcmas  H,  Crosrwell 


♦  .  Nan*  A44rm a • 

RJO  Enterprises,  Inc. 

4550  Forbes  Boulevard 
Lanham,  Maryland  20766 


12.  Af«ficy  Nwi  w»4  A44*»ai 

Department  of  Transportation 
Federal  Aviation  Administration 
800  Independence  Avenue,  S.W. 
Washington,  D.C.  20591 


13-  H«««« 

APM-430  Cockpit  Technology  Program  Office 
J.  P.  McVicker 


16.  Abstract 


Technical  Report  Oocum*n«otion 


3.  A«ctpt«n<  i  N • . 


5.  RfMM  0«f« 

July  1986 


!•  Or|«n<ie(i«n  R«#«n  N« 


>0.  W#rk  Umt  He.  (TRAIS) 


n.  C*«i*r«cf  •'  Gf»*  He. 


**•  S**nt**inf  Af«*cy  Cm^m 

APM-430 


InliiffZZ.  cati!°9s  the  aircraft  avionics  suitable  for  advanced  approach 
nJS J1'  \  The  con^9uration  and  model  numbers  of  avionics  used  in 
of  lirJrsftand4^PPr°a^heS  f°r  land1ng  4re  Provided  for  79  different  types 
Major  Alrfrarri01roCrDlt/rei9r?UP^d  1.nto  f1ve  user  communities  which  cover 
Aircraft^  and  lrR  HeMcopWr,  C‘rr1erS>  EXeCut1,e  Jets’  GenerJ'  **<«<«« 

ethJ‘lJA,„M,llCla?,S,  V°R,  NAVS'  ADFs>  OMES.  RNAVs,  ARCS,  weather 
*Jla[  *  th  associated  display  Instruments.  These  navigation  systems  are 

UnitS  f0r  nav1gatlon  landing  In  todays  aircraft.  ILS 
vertical  ^  navi  alti  on’  ma^er  b«acon  systems,  navigation  management  systems, 
covered  9  systems*  and  lon9  range  navigation  systems  are  not 


-nclassified 


r  t»M  DOT  F  1700.7  (•-»!) 


II.  OltmWiiM  Stai**i*nt 


Service,  Springfield,  Virginia  22161. 


Unclassified 


21*  H».  *4  r«H|%t  22.  Rrica 
110 


R«p  raViactian 


page  avtHariiaJ 


Technical  ft  Oocumontatien  P og* 


’  1.  (?••*»•  Ms. 

2.  Government  A eco No. 

3.  Recipient  a  Cotaiag  Na.  j 

DOT/FAA/PM-86/28 

AI»'A!YI99,i 

! 

4.  T»ri0  and 

S.  Ropo»t  Data  ( 

July  1986 

INVESTIGATION  OF  HAZARDS  OF  HELICOPTER  OPERATIONS 

AND  ROOT  CAUSES  OF  HELICOPTER  ACCIDENTS 

6.  Pofformmg  Organisation  Cada 

8.  Porformmg  Organ«to»»on  Roodtt  No. 

7  Author'  %) 

Franklin  R.  Tavlor  and  Rirhard  J.  Adam a  * _ 

9,  Performing  Organisation  Now*  and  Add»o< 

• 

?0.  Work  Unit  No.  (TRAlS) 

*3/30 cus  vuniroi  i ecnnoxog, 
1611  N.  Kent  Street 

y*  f  Inc  • 

11.  Contract  or  Grant  No.  j 

DTFAOl-  80-C-10080/Mod .  OOU  ! 

Arlington.  VA  2220 Q 

13.  Typo  of  Roport  and  Ponod  Covo»oa 

12-  Soonaannf  Agoncy  Nama  and  Addro*» 

FINAL  REPORT 

Federal  Aviation  Administration 

Navigation  and  Landing  Division- 
Helicopter  Program  Branch,  APM-^50 

October  83  -  September  65 

Id.  Sponsoring  Agancy  Code 

APM-U50 

15.  Suopiotno",®,y  No*oa 

• 

t  16  Abstract 

j  During  1983  and  1984.  Systems  Control  Technology,  Inc.  conducted  a  survey 
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{determining  the  hazards  of  helicopter  operations  and  the  root  causes  of  the 
(high  rate  at  helicopter  accidents.  The  survey  was  administered  through 
{personal  interviews,  meetings,  and  questionnaires'.  The  derived  questionnaire 
data  included  census  data,  profiles  of  the  pilots  work  environment  and 
procedures  and  their  own  perspectives  on  the  hazards  of  helicopter  operations 
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(accidents.  The  results  of  the  analysis  include  a  list  of  hazards  and 
probable  root  causes  of  accidents,  as  well  as  technological,  training  and 
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This  report  describes  the  "trend  analysis"  evaluation  of  the  Sikorsky  S-76A  missed 
approach  profiles  following  precision  microwave  landing  system  (MLS)  approaches  at 
glidepath  angles  of  3*,  6*  and  7.5*  at  a  minimum  instrument  meterological  conditions 
airspeed  (Vajnj)  of  40  knots  indicated  airspeed  (KIAS).  It  describes  the 
flight  test  facilities,  methodology,  and  addresses  topics  such  as  how  flight  teat  data 
are  collected  and  what  is  done  with  it.  It  also  describes  each  of  the  helicopter 
procedures  flown  during  the  project  and  provides  an  analysis  of  the  pilots  subjective 
opinions  concerning  the  acceptability  and  workload  associated  with  these  procedures. 

It  was  concluded  chat  the  "trend"  indicates  that  no  current  terminal  instrument 
procedures  (TERPS)  criteria  would  be  violated  by  reducing  VBjnj  to  40  KIAS. 

The  plots  indicated  that  there  were  no  penetrations  of  the  20:1  surface  missed 
approach  surface.  The  maximum  deviation  allowed  by  TERPS  for  the  height  loss  at 
missed  approach  rises  along  a  20:1  plane  which  begins  at  the  surface  or  250  feet  below 
the  missed  approach  point.  Por  this  test  that  meant  that  the  20:1  obstacle  free 
surface  began  at  ground  level.  At  most,  only  a  40-foot  fly  under  at  decision  height 
(DH)  was  noticed  during  the  24  missed  approaches  flown. 


However,  this  information  should  be  considered  indicative  rather  than  conclusive  due 
to  the  small  sample  size  (24  approaches).  Additional  testing  would  be  required  to 
provide  TERPS  quality  data. 
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16.  Abstract 

Aviation  accident  data  indicate  that  the  majority  of  aircraft  mishaps  are  due 
to  judgment  error.  This  training  manual  is  part  of  a  project  to  develop  materials 
and  techniques  to  help  improve  pilot  decision  making.  Training  programs  using 
prototype  versions  of  these  materials  have  demonstrated  substantial  reductions  in 
pilot  error  rates.  The  results  of  such  tests  were  statistically  significant  and 
ranged  from  approximately  10%  to  50%  fewer  mistakes. 

This  manual  is  designed  to  explain  the  risks  associated  with  helicopter  flying 
activities,  the  underlying  behavioral  causes  of  typical  accidents,  and  the  effects 
of  stress  on  pilot  decision  making.  It  provides  a  means  for  the  individual  pilot 
to  develop  an  "Attitude  Profile"  through  a  self-assessment  inventory  and  provides 
detailed  explanations  of  pre-flight  and  in-flight  stress  management  techniques. 

The  assumption  is  that  pilots  receiving  this  training  will  develop  a  positive 
attitude  toward  safety  and  the  ability  to  effectively  manage  stress  while 
recognizing  and  avoiding  unnecessary  risk.  j 
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This  manual  is  one  of  a  series  on  Aeronautical  Decision  Making  prepared  for 
the  following  pilot  audiences:  (1)  Student  and  Private  (2)  Commercial 
(3)  Instrument  (4)  Instructor  (5)  Helicopter  (6)  Multi-Crew.  i 
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15.  A5.tr.ct 

A  MLS  flight  test  was  conducted  to  a  helipad  using  the  Sikorsky  $-76. 
Fifteen  pilots  each  flew  24  approach  procedures  following  a  standardized 
videotaped  briefing  while  using  the  1020  IMC  simulator,  a  new  view  limiting 
device.  Tests  were  flown  at  the  FAATC,  Atlantic  City,  New  Jersey. 

Approach  angles  were  3*.  6#,  and  9*i  Tracking  of  aircraft  was  by  laser 
round  tracker.  Airborne  data  were  also  recorded.  Analyses  were  made  of 
TE,  and  NSE.  A  comprehensive  pilot  questionnaire  was  accomplished 
after  flight.  It  was  found  that  while  3  and  6*  approach  angles  were 
acceptable,  the  9*  angle  was  not.  Course  sensitivity  used  was  acceptable. 

A  two-pilot  crew  would  be  desirable  for  IFR  operations.  There  Is  altitude 
loss  below  the  OH  on  missed  approach. 
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